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セッション1 代替エネルギーの役割と未来

〈基調講演〉

「世界が直面するエネルギー安全保障問題」 W．マーチン 1－1

〈パネル討論〉

議　長 今　井　隆　吉 1－2
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　第30回大会記念シン：ポジウム　「改めて原子力開発のあり方を問う」

社会討論　原子力はなぜ「迷惑施設」といわれるのか

く基調講演〉

「原子力施設が嫌われるこれだけの理由」　　　　高　木　仁三郎　　　　　　S－1

〈パネル討論〉

　　　　　　　　　　議長　　鳥井弘之　　　S－2

　　　　　　　　　　パネリスト
　　　　　　　　　　　　　　　　J．一P．ショウサッド　　　S－3
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緊急報告　　動燃・東海アスファルト固化処理施設の火災・爆発事故

　　　　　　　　　　進行　　 坂本　俊　　　 U－1

〈報告〉

　　　　　　　　　　　　　　　　植松邦彦　　　　U－2
　　　　　　　　　　　　　　　　中野啓昌　　　　U－3
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原子力開発の新しい進め方を問う政治討論
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〈基調講演〉

「エネルギー、環境、廃棄物」
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第30回原産年次大会プログラム

基調テーマ：原子カー今、本音で語るとき

　平成9年4月8日（火）～11日（金）

　於東京国際フォーラムホールC

（4／8
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［4月8日（火）］

レセプション（19：00～20：30）

　於帝国ホテル本館2階「孔雀の間（東西）」

（登録受付は18：15から「孔雀の間」前で行う。）

［4月9日（水）］ 受付開始8：15

開会セッション（9：00～14：45）

議長：渡　辺　文　夫　　（社）日本原子力産業会議副会長

原産会長所信表明

　向　坊　　隆　　　　（社）

原子力委員会委員長所感

　近　岡　理一郎

大会準備委員長講演

　田　原　総一朗

日本原子力産業会議会長

原子力委員会委員長

国務大臣・科学技術庁長官

評論家

〈特別講演〉　午前の部　（10：00～12：00）

議長：近　藤　次　郎　　（社）日本原子力産業会議副会長

「世界の安全保障の展望、および21世紀における核兵器の役割」

R．マクナマラ　　　　元米国国防長官、元世界銀行総裁

「．21世紀をどう生きるか」

諸　井　　虞　　　　　秩父小野田（株）取締役相談役、経済同友会幹事

「創られた恐怖：大きな恐れ＿しかし小さなリスク」

E．M．フェラン　　　科学と健康に関する全米会議会長

〈参加者との意見交換〉

IX



午餐会（12：15～14：00）

通商産業政務次官所感

石　原　伸　晃

く特別講演〉

「東と西の融合」

　森　　　英　恵

於東京国際フォーラムホールB

通商産業政務次官

デザイナー（文化勲章受章）

原子力映画上映（13：00～14：00）

於東京国際フォーラムホールC

〈特別講演：〉　午後の部　（14：15～14：45）

議長：安　部　浩　平　　（社）日本原子力産業会議副会長

「原子力発電の現在と未来」

　V．ミハイロフ　　　　ロシア原子力省大臣

「中国の原子力開発の進展」

　李　定　凡　　　　　　中国核工業総公司副総経理



セッション1（14：45～17：45）

代替エネルギーの役割と未来

世界のエネルギーの需要は今後、省エネルギーやエネルギー利用の効率化に最大限に努

力するとしても、増大することは避けられない。一方、エネルギー利用に伴う環境影響は

深刻化してきており、環境への負荷が小さいエネルギー源の開発、導入が真剣に求められ

てきている。ここでは、世界のエネルギー需給を展望しつつ、人類の将来のために最適で

安定なエネルギー供給確保を目指して、化石燃料に代わるエネルギー源の見通しと役割に

ついて議論する。

議長：今　井　隆　吉 杏林大学教授

〈基調講演〉

「世界が直面するエネルギー安全保障問題j

W．マーチン　　　　元米国エネルギー省副長官

〈パネル討論〉

パネリスト

　J．M．ブデール
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経済協力開発機構／国際エネルギー機関（OECDIIEA）

長期協力・政策分析局長

明治大学理工学部教授

（財）日本エネルギー経済研究所常務理事

（前　出）

タイ・チュラロンコン大学エネルギー研究所長

〈参加者との意見交換，〉

XI



［4月10日（木）］

第30回大会記念シンポジウム
「改めて原子力開発のあり方を問う」

社会討論（9：00～12：00）

原子力はなぜ「迷惑施設」といわれるのか

原子力施設の建設をめぐる状況は、乖離する生産地と消費地の位置づけの問題なども含

め、ますます複雑化している。従来の立地に係る諸方策も、社会の変化に伴い次第に実状

にそぐわなくなってきており、原子力が地域社会と共生していくためには、新たな努力が

求められている。ここでは、原子力がなぜ迷惑施設といわれるのかを明確にし、原子力施

設立地における社会的公正、原子力発電都市立地の可能性等を踏まえながら、今後のあり

方について討論する。

議長：鳥　井　弘　之　　日本経済新聞社論説委員

〈基調講演〉

「原子力施設が嫌われるこれだけの理由」

　高　木　仁三郎　　　原子力資料情報室代表
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パ

原子力発電に反対する福井県民会議事務局長

柏崎商工会議所専務理事

フランス電力公社経営執行局技術顧問

（前　出）

国際政治学者

コメンテーター

石　谷　清　幹 大阪大学名誉教授

〈参加者との意見交換〉
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緊急報告（13：00～13：50）

動燃・東海アスファルト固化処理施設の火災・爆発事故

　去る3月11日（火）、動力炉・核燃料開発事業団東海再処理施設の低レベル放射性廃

棄物アスファルト固化処理施設において火災ならびに爆発事故が発生した・人的被害は生

じなかったものの、同施設が核燃料リサイクルの中核となる再処理施設の一部であったこ

ととも合せて、社会的に大きな反響を巻き起こした。ここでは現時点までの調査に基づき、

施設の被害の状況や環境への影響など事故の概況について動燃から報告を受け、質疑応答

を行う。

進行：坂　本　　俊 （社）日本原子力産業会議理事・事務局長

　
彦
昌

　
邦
啓

〉
告
松
野

報
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中

く

動力炉・核燃料開発事業団副理事長

動力炉・核燃料開発事業団理事

〈質疑応答〉

XIII



政治討論（14：00～16：30）

原子力開発の新しい進め方を問う

　昨今、原子力開発に対する認識は大きく変化している。原子力開発を取り巻く情勢を見

ると、国民生活の質や環境に対する意識が高まりを見せ、種々の政策決定に対する直接的

関与が求められるなど、計画推進上考慮すべき要因が多岐にわたって生じつつある。今後

はこうした変化に対応しつつ、より大きな視点に立ったエネルギー政策の展開が望まれる。

ここでは、今後の日本における原子力の位置づけと新エネルギーの役割、地域分権等が進

む中での原子力発電所立地へのコンセンサスづくりのあり方、原子力発電所立地の新しい

施策、アジアのエネルギー需要・環境汚染問題等への日本の対応策などについて、主要な

政党の代表者等による討論を行う。

議長：田　原　総一朗　　評論家

〈パネル討論〉

パネリスト

拓
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弘
毅
人
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崎
藤
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田
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山
鼠
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品由民主党衆議院議員政務調査会長

社会民主党衆議院議員幹事長

日本共産党参議院議員政策宣伝委員会責任者

新進党衆議院議員政策審議会長

民主党衆議院議員政策調査会長

〈参加者との意見交換〉
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市民の意見交換（17：00～ ）

くらしとエネルギー：どうして原子力？

於東京国際フォーラムレセプションホール

安定的な市民生活を継続していくためにはエネルギーの供給が不可欠であるが、地球環

境をめぐってエネルギー利用のあり方が問われている。代替エネルギーの中心として開発

されてきた原子力についてもその安全性や進め方に関し、信頼感が失われつつある。ここ

では、広く一般市民の参加を求め、これらの人々と原子力開発関係者が一堂に会し、市民

としての立場で自由な意見交換を行い、原子力の直面する課題を明らかにし、くらしが求

めるエネルギー供給のあり方とは何かを考える。

司　　会

　田　村　和　子 共同通信社論説委員

一タ
久
一ネ
ー
イデ

一
森

コ

（社）日本原子力産業会議副会長

　なお、特別コメンテーターとして、　田原　総一朗氏（年次大会準備委員長）、また、議

論の展開に資するため、高木　仁三郎氏（原子力資料情報室代表）、下村　満子氏（ジャ

ーナリスト）、中島　篤之助氏（前中央大学教授）等にもご出席いただきます。
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［4月11日（金）］

セッション2（9：00～12：00）

エネルギーの廃棄物にいかに対処するか

原子力は環境への負荷が小さいエネルギー源ということで開発されてきた。地球環境へ

の関心が高まっている今日、エネルギーと環境との関係が新たに問われており、特に原子

力の場合は、放射性廃棄物が今後の課題として注目されている。ここでは、各種エネルギ

ー源から発生する廃棄物の問題に焦点をあて比較討論し、廃棄物管理の観点から原子力の

位置づけを探るとともに、放射性廃棄物処理処分の見通しを明らかにし、国際協力を含む

対応のあり方について討論する。

議長：深　海　博：明　　慶磨義塾大学経済学部教授

〈基調講演〉

「エネルギー、環境、廃棄物」

　G．マーシュ　　　英国貿易産業省エネルギー技術支援機関理事・戦略研究本部本部長

〈パネル討論〉

パネリスト

　M．フォルガー

　中　島　篤之助

鷲　見　禎　彦

　高　橋　　誠

　A．ゾボブ

原子力産業放射性廃棄物管理会社（NIREX）社長（英国）

前中央大学教授

関西電力㈱副社長

経済協力開発機構i／原子力機関（OECDINEA）事務次長

カーネキ㌧平和基金モスクワセンター上級顧問・核物質管理学会ロシア支部会長

　
志
吉

一連
尚
勇

一テ
川
砂

ン
メ
品
鈴

コ

日本生活協同組合連合会常務理事

（社）全国産業廃棄物連合会会長

〈参加者との意見交換〉
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セッション3（13：30～17：00）

アジアが必要とする地域協力とは

　高い経済成長を続けるアジアでは、それを支えるための電源確保と環境保全の見地から、

原子力発電を選択し、その開発計画を積極的に進めており、21世紀の早い時期に運転中

の発電所の数も100基を超えることが予測される。同地域への欧米原子力産業の進出は

活発化している一方、日本の協力の必要性も今後増大すると考えられる。アジアの原子力

発電開発の円滑な進展は、世界のエネルギー問題や地球環境問題を解決していく上で重要

である。ここでは、既存の地域協力を評価しっっ、安全性、放射性廃棄物の取り組み、平

和利用の担保等を念頭に、今後の地域協力のあるべき姿を模索しながら討論する。

議長：植松邦彦　動力炉・核燃料開発事業団副理事長

〈基調講演〉

「私がえがく“アジアトム”」

村　田　　浩　　　　（社） 日本原子力産業会議副会長

〈パネル討論〉

パネリスト

　E．フェイ

　
　
ド

　
　
サ
　
之

　
ン
ラ

甫
ソ
プ
キ
篤

里
寿
木

　
　
S

洪
a
呈
し
鈴

米国エネルギー省核不拡散安全保障面国際政策分析室

室長代理

韓国電力公社原子力発電慮慮長

CRA社国際部長（オーストラリア）

インド原子力産業会議会長

インドネシア原子力庁（BATAN）長官

東京大学工学部教授

〈参加者との意見交換〉
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          Program of the 30th jAIF Annual Conference
                      April 8-April 11, 1997
                 Hall C, Tokyo InterRational Forum
                        (As ofApril 1, 1997)

         Main theme: Nuclear Energy nt Let's Talk Now

TUESDA Y APRIZL 8

REGISTRATION 18:l5-- & WELCOME RECEPTION 19:OO-20:30
at Peacock Room, Impeyial Hotel

va/EDNESDA M APRll) 9

REGISTRATION8:15- atHallC,TokyoIRternationalForum
OPENINGSESSION 9:OO-i2:OO

Chairman:
FumioWatanabe ViceChairman,JapanAtomiclndustrialForvtm

JAIF Chairinan's Address

TakashiMukaibo Chairman,JapaRAtomiclndustrialForum

Remarks by Chairman of the Atomic Energy Commission of Japan
RiichiroChikaoka ChairmanoftheAtornicEnergyCommission
                    State MinisteT for Science and Technology

Remarks by Chairman ofthe Conference Program Cominittee
SoichiroTahara Journalist;ChairmanoftheProgramCommittee

Chairman:
Jiro Kondo Vice Chairman, Japan Atomic lndustrial Forum

Lectures:
"A Vision of Global Security, and the Role of Nuclear Weapons in the Twenty-
first Century"

RobertMcNamara '-Former'U.S:-Secretary'of'Defense'
                    Former President ofthe World Bank

"We in the 21st Century"

Ken Moroi Advisor, Chichibu Onoda Cement Corp., Japan

"Toxic 'I'error: Big Fears...But Little Risks"

ElizabethWhelan President
                    American Council on Science and Health, U.S.A.

Discussion with the floor

                              XVIII



LUNCHEON 12:15--i4:OO
at Hall B, Tokyo InternatioRal Forum

Remarks by Minister ofIRternational Trade and Industry

ShinjiSato MinisteroflnternationalTradeandIndustry,Japai

Special lecture:

"Fvtsion ofthe East and the West"

HanaeMori TheOrder-of-Cultureconferreddesigner,Japan

FILMS ON NUCLEAR ENERGY 13:OO--- 14:OO
at Hall C, Tokyo Intemational Forum

14:15 -- 14:45

Chairman:
Kohei Abe Vice Chairman, Japan Atomic I ndustrial Forum

Lectures:
"Nuclear Power Today and TomorTow"
VictoxMichailov MinisteroftheRiissianFederationonAtomicEneygy

"The Progress of China's Nuclear Energy Progxam"

Dingfan Li Vice President
                     China National Nuclear CerpoTation

SESSIONI 14:45'17:45 "AlternativeEnergies:RolesandProspect"

The world eneTgy is inevitably bound to increase, despite our effbrts for energy

conservation and efficient use ofenergy. Environmental effbcts ofenergy use
are becoming more severe, making it imperative to develop and intxoduce energy
sources of limited environmental impact. This session deals with prospects for
and roles of fossil fuel-altemative energy sources for an appropriate, stable
eltergy supply.

Topics:

       - World energy demand and future outlook
        - Status of and prospects foic new' e-nergy source development

       - Roles of nuclear and new energies, etc.

Chairman:
Ryukichi lmai Professor, Kyorin University, Japan

Keynote address:
"Energy Security Issues Facing the World"(tentative)

WilliamMartin FormerU.S.DeputySecretaryofEltergy

ts
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Panel discussion:
Jean-Marie Bourdaire Director

Office of Long-term CooperatioR and Policy Analysis

OECD International Energy Agency

Iwane Fujti Professor, Meijj University, Japan

Kazuya Fujirae Managing Direceor
Institute of ERergy Economics, Japan

William Martin Same as above

Kulthorn SilapabanleRg Director of Energy Research Institute
Chulalongkorn University, Thailand

Discussion with the floor

THURSDAY APRrz> 10
THE 30TH ANNUAL CONFERENCE SPECIAL SYMPOSIUM
"Reexamining What Nuclear Power Development Should Be"

Secial Debate 9:OO - 12:OO "Why Are Nuclear Power Facilities Regarded
'Unwanted'"

Siting nuclear facilities has become a complicating issue, as a divergence of
power-producing and power-consuming areas. The various schemes originally
developed for siting have gradually grown inappropriate as society has changed.

Efforts are required anew to allow nucleax power to coexist with local
communities. Thisdebateclarifiesthereasonsfornuclearpowerfacilitiestobe
regarded nuisance and develops possible solutions.

Topics:

How social fairness can be pursued in nuclear power siting

Why nuclear power facilities are not accepted

The perception gap between siting and energy consuming areas
Condi'tibns allowing urban Sl'tin-g of nuclear 'p'oWer plants, etc.

Chairman:
Hiroyuki Torii Editorial Writer

Nihon Keizai Shimbun, Inc., Japan

Keynote address:
"So Many Reasons for
Jinzaburo Takagi

Nucleay Facilities Being Deemed Unacceptable"
   Executive Director
   Citizens' Nuclear Information Center, Japan

xx



Panel discussion:
JeaR-Pierre Chaussade Technical Advisor

Communication Division
Electricite de Ftance

Yoichi Masuzoe Political Scientist , Jap all

Nobuhiro Naito President
The Kashiwazaki Chamber of Commerce & I
Japan

ndustry,

Miwako Ogiso Secretary General
Council ofthe People of Fu

Nuclear Power
kui Prefecture against

Jinzaburo Takagi Same as above

Commentator:
Seikan Ishigai Professor Emeritus

Osaka University, Japan

Discussion ef the fioor

Political Debate 14:OO - 16:30 "Exaraining the Ways to Develop Nuclear
Power"

The perception of nuclear power developrcent has greatly changed in recent
years. The public has come to demand a more direct role in various decision-
making processes, as living standards have improved and environmental
concems have heightened. That gives rise to a greater number of factors
demanding consideration when plans are being set forth. From now on, nuclear

power policies must be formulated from a bToader standpoint than befbre. This
debate features representatives from Japan's major political parties, who will

explore ways to carry out ltuclear power development.
Topics:

       --･Future-prospect-of ltuclear -power ･inJapan--(M･OX,- etc.) and the share

         of new energies in the total energy mix
       - How to build a consensus for nuclear siting in increasing autonomous
         local face ofpower
       - New policies for nuclear power siting
        - Japan's response to increasing energy demand and environmental
         pollution in Asia
       - Reforming governmeRtal bureaucTacy for nuclear power development,

         etc.
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Chairman:
SoichiroTahara Joumalist;ChairmanoftheProgramCommittee

Panel discussion:

TakuYamasaki LiberalDemocraticParty

Shigeru lto Social Democratic Party

Hiroshi Kikunami                      Japan Communist Party
  '

Takeshi Noda New Frontier Party

YoshitoSengoku DemocraticPartyofJapan

Discussion with the fioor

DialouewiththePublic 17:OO- "LifeandEnergy:WhyNuclear?"

Ifthe human society pursued the current standards of living, energy use should

be compatible with the environraental conservation. Nuclear power, developed

as a primary alternative energy source to fossil fuels, has been losing public

trust with the safety and policy concerned. This session is aimed to call for large

public participation meet and exchange their views with Ruclear professionals

directly. The focus is on squarely facing the issues of nuclear power, questioning

a kind of energy supply that today's lifestyle requires.

Topics:

        - Are nuclear power facilities safe enough?
        -Information disclosure at nuclear power plaRts, etc.

Moderator
Kazuko Tamura

Coordinator:

Kazuhisa Mori

Commentators:
Soichiro Tahara

Tokunosuke Nakajima

Mitsuko ShimomuTa

Jinzaburo Takagi

Senior Writer & Editorial Writer

Kyodo News AgeRcy

Vice Chairman, Japan Atomic Industrial Forurn

Journalist; Chairman ofthe Program Committee

Former Professor, Chuo University, Japan

Journalist, Japan

Executive Director
Citizens' Nuclear Information Center, Japan

          XXII



FRIDAM APRIL 11
sEsSON2 9:OO-12:OO "ManagingWasteProductsfromEnergy"

Nuclear power has been developed as ap energy source with little environmental

buxden. Today, with environmental concerns heightening, the e£Eect of energy
generation on environment is drawing more attention. Foy nuclear power,
particularly, management ofradioactive wastes has become an importaRt issue .
This sessioR takes a comparative look at wastes of various energy souyces,
contesting nuclear power in its waste management as well as presenting an
outlook for radioactive waste disposal.

Topics:
       - Outlook and evaluation of wastes from various energy sources
       - Significance of nuclear power from a point ofenvironmental protec-

         eion
       - Current state of anct outlook for radioactive waste disposal, etc.

Chairman:
HiyoakiFukami ProfessorofEconomics,KeioUniversity,Japan

Keynote address:
"Energy, Environment and Waste"
George Marsh Manager, Strategic Studies Department
                     Energy Technology Support Unit, U.K.

Panel discussion:

Michael Folgey ChiefExecutive, U.K. Nirex

TokunosukeNakajima FormerProfessor,ChuoUniversity,Japan

YoshihikoSumi Director&ExecutiveVicePresident
                     Kansai Electric Power Co., Ltd., Japan

Makoto Takahashi

Andrei Zobov

Commentators:
Hisashi Shinagawa

Yukichi Suzuki

Deputy Director for Safety and Regulation

OECD Nuclear Energy Agency

Senior Associate
Carnegie Endowment for International Peace;
Chairm'an,'Rvtssian''Chapter' ''

Institute of Nuclear Materials Management, Russia

Executive Director

Japanese Consumers' Cooperative Union

President, National Federation ofIndustrial Waste
Management Associations, Japan

Discussion with the floor
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SESSION 3 13:30 - 17:OO "Regional Framework for Nuclear Developing
Asia"

For the booming ecoRomies in Asia to grow at current rates, it is essential for

them to secure the necessary power sources while protecting the environment.
Many countries in the area have chosen to iRtroduce nuclear power, and are
actively involved in its development. Early in the next century, raore than 100

nuclear power units are expected to be in operation in the area. With Western
nuclear compaRies stepping up activities in Asia, Japan should increasingly be
interested in its further cooperation. Whether Asian nuclear power development

can progress wil} have great bearing on global energy and enviroRmental
problems. This session discusses a cooperative regioBal framework for Asian
nuclear energy development, with respect to its potential and requirements to be

met.

Topics:

- Outlook for nuclear power development in Asia
- What kind of regional cooperation is necessary?

- Issues facing curreRt regional cooperation (KEDO, PBNC, etc.), etc.

Chairman:
Kunihiko Uematsu Executive Vice PresideRt

Power Reactor and Nuclear Fuel Development Corp.

Keynote address:

"ASIATOM-A Personal View"
HiroshiMurata ViceChairman,JapanAtomiclndustrialForum

Panel discussion:

Edward Fei Deputy Director for Policy
International Policy and Analysis Division

Office of Non-proliferation and National Security

U.S. Departmene of Energy

Bruce Larson General Manager, External Affairs
CRA, Australia

Y.S.R. Prasad Chairman, Indian Atomic Industrial Forum

Chang-Saeng Shim Vice President
International & North Korea Project Div.

Korea Electric Power Corporation

Iyos Subki Director General
National Aeomic Energy Agency (BATAN), Indonesia

Aesuyuki Suzuki Professor, University of Tokyo, Japan

Discussion with the fioor
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JAIF Chairman's Adidress to the 30th JAIF Annual Conference

                            Dr. Takashi Mukaibo

                                 Chairman

                     Japan Atomic Industrial Forum, Inc.

                               April 9, 1997

Mr. Chairman, ladies and gentlemen:

It is my great pleasure to address you on behalfofthe Japan Atomic Industrial Forvtm,

at this opening of its 30th Annual Conference.

First, I would like to express my sincere appreciation for the fact that so rnany people,

from both within and outside Japan, could gather here today.

As you know, this is the 30th ofthese Annual Conferences. The first was in February,

1968, where I - then a professor at the University ofTokyo - spoke on the safety of

nuclear facilities. At that time, light water reactors were being built one after

another in Japan, and a program to localize nuclear power industry based on the

technologies introduced from abroad was underway. I remember as if it were

yesterday, standing before the audience, feeling almost physically excited by the fact

that private industry was devoting itself to the commercial use of nuclear power.

According to our records, 600 people attended that first conference. Today, there are

more than 1,400 people here, from around the world and from an array of fields and

disciplines. Seeing this, I cannot bpt feel anew the tremendous progress nuclear

power has made in this country.

Since the very beginning, these JAIF annual coBferences have aimed at in-depth,

wide-rangiRg explorations of nuclear-development issues, not limited to matters of

technology or energy supply, but including political and social viewpoints. In recent

years, we have tried to bring the general public raore into our discussions. Marking

this 30th year at a time when the public's attitude toward nuclear power is quite

severe, we asked Mr. Soichiro Tahara, a noted social and political commentatoT, to

serve as the chairman ofthe Program Committee. Other members ofthe Committee

include a critic of nuclear power and neutral joumalists. In his presentation later,

Chairman Tahara will say more, I think, about the purpose of the conference and the

program -- which promises to be the best ever, thanks primarily to the earnest and

tireless manner in which the cominittee went about its task.

In Japan today, as Ijustindicated, the general public has a critical view of nuclear
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development, and there is no doubt that the sodium leakage at the fast-breeder reactor

Monju in December 1995, and the accident at the bituminization facility for low-Ievel

radioactive waste atthe Power Reactor and Nuclear Fuel Development Corporation's

Tokai Facility on March 11 ofthis year are parts ofthe reason. I am very sorry that

these failures occurred while the nation was making great strides in its nuclear fuel

recycling progtram - a long-sought pillar of the nuclear effort - thereby damaging

the reation's confidence in nuclear development. Although the amount ofradioactivity

re}eased from the bituminization facility was too small to have any effbct either on

people or the environment, all who are involved iR nuclear power development must

keep in mind that such an event itself should not have happened at all. Now that it

has, it is necessary to thoroughly investigate the whys and hows, determine what

should be corrected, and implement the changes as quickly as possible.

It goes without saying that we, the nuclear community, must accept the criticism

arising frora these accidents. Since the MonJ'u incident, those concerned have been

making the most sincere effbrts to reflect public opinion in nuclear policy - through

their investigations ofthat accident, by making committee meetings open to the pubiic,

through a series of round-table conferences on nuclear policy, and more. When it

comes to the question of the future course for nuclear development, however, the

cewyent situation surrounding nuclear power can be described in one word:

"coitfused."

The Monju and Tokai accidents and the referendum in the town of Maki have been

covered heavily in the mass media, creating a level of interest in nuclear issues rarely

seell. Now that the second phase ofnuclear development, fuel recycling, the back end,

is getting underway, this may be a good opportunity-and we should not miss it nd for

the entire nation to look back to the starting point, realize why we undertook nuclear

development in the first place, and decide what we want the future to be.

The Atemic Energy Commission of Japan, the national govemment, and private

business should promote the disclosure of information more aggressively than ever,

and listen to the nation's response. They shou}d also speak out frankly on why they

pursue the n"clear program.

At the same time, those who are critical of nuclear development should be required to

show what technologies can replace nuclear power. I want them to express clear

views olt how to cope with increasing energy demand as the world's population grows

and nations become more industrially and socially advanced.

I think nuclear power can be one of the most efEieient solutions to this problemrm
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depending naturally on the safety ofthe technology.

It is true, as I said, that the current situation surrounding nuclear power is confused.

What we must do is find our way out of the confusion, taking whatever time that

requires, and not be swayed too much by the problems ofthe moment. It would be an

honor, indeed, if what is discussed atthis Annual Conference could be could be a step

in that direction.

In closing, I express my deep gratitude once again to Chairman Tahara and the

members of the Program Committee, to all of our speakers, from Japan and fror[i

abroad, and to you, the audience.

Thank you.
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　　　　　世界の安全保障の展望、および21世紀における核兵器の役割

　　　　　　　　　　　元米国国防長官、元世界銀行総裁

　　　　　　　　　　　　　　　　R．マクナマラ

　21世紀には20世紀のような大量殺獄を繰り返すことがあってはならない。今こ

そ、この悲劇を防ぐための行動を開始する時が来た。そのためには三つの具体的なス

テップが必要である。

　1．国家間の紛争のリスクを低減するため、集団安全保障のシステムを確立すべき

　　　である。

　2．集団安全保障のシステムは、大国間の戦争のリスクを制限することを特に重視

　　　すべきである。

　3．集団安全保障が効力を失った場合に、国家破壊のリスクをなくすため、実行可

　　　能な限り、核のない世界に戻るべきである。

　人類は誤りを犯しやすい。人類の誤りの犯しやすさと核兵器との無限の組み合わせ

には、非常に高い潜在的破局のリスクが伴うのである。
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         A Vision of Global Security, and the Role of Nuclear Weapons

                       in the Tvventy-first Century

                        by Roberl $. McNamara

We must not perrriit the 21st Century to repeat the slaughter of the 20th. The time

to initiate action to prevent that tragedy is now. Three specific steps are required:

1. To reduce the risk of conflict within and among states we should establish a

system of Collective Security.

2. The system of Collective Security should place particular em. ' sqis on limiting the

risk of war between or arnong Great Powers.

3. To eliminate the risk of destruction of nations, iR the event Collective Security

breaks down, we should return, insofar as practical, to a non--nuclear world.

Human beings are fallible. The indefinite combination of human fallibility and nuclear

weapons carries a very high risk of a potential catastrophe.
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     g wanS So k>egER g'rsy remosk$ by gegliRg ye" eti rny eesiiest memoty css g chi!ct.

gg E$ ef es cigy exp!eding wtah joy. thee ciey w{:x$ ${xft gefaRctsee. thop ctcte was

eeeeveefy!be? gg, 19Sg -- Aemi$gice Pay. gwca$ two yeer$ elci. the ciey vva$ ceEeb¥ctiag

eegeS gngy the opstct of Wortd Wag g, but ghe belief, hegci so stgongly by skestctene WiSson,

asne gmy meny ether Americar}$, ebpt ehe Vstifecg $gtwe$ aftd ts aliie$ had wosc ghop wese

kee eesci esii wesrs.

     they weee wifong, of c(xgg$es. the Twexgieek beRtusy wcass oft ds vvov ea

k}ocewtiptg ghe toE(xxSiest, by far, in ak of hueytaft hi$gogy: cturing ts, 16g rg"ti!lien g>ex)pge

wigg kesve beeft kilEed in confiicts oceos$$ the glebe.

     $g, rny the$ts, thi$ afternooft is ehec we wtuse noS parmK ghe 2gst bentury g"

gdepacsii ehop staughgey ef ehop 2orh. the stme eo initicxge actien to pyevefte ghcst hragecky

E$ eew. Ebeli$ve three $g>ecifie step$ are eequired:

      1. To reduc$ the ri$k of costfiice withiR and amoftg stete$ w$ $9towErk

        establi$h a $yst$m og Celleceive $ecueby.

     2. Yhe $y$eerrg og ColEecSive $ecuriey $S}oulct place parkcutaf er¥}phasi$ eee

        iify}MRg ghe si$k of wae betweeft or amostg Gfet ft Powers.

bPAi!f
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     3. Te eEieytiscec$ gkop si$k of de$erucggeR eg stcxticm$, ift ehe eveng Ceileceive

        $ecesxitgy tweek$ ctown, we $91ou:ts geSurfftz, gnsoffar as pgaceicat, ge es noR-

        twcgeef vvQkdi.

     gegest, gdgtRy asgegegeeck go C"ggeceive $eceeeESy.

     Aeeh"aggk cgeeec evicteftcop h{:i$ opxisted sieeeee eh$ erv¥kt-S9ee$ ghct She eofici War

was$ egeding, gecwheas thgoesghout eh$ wogkt hegve beesc vegy stew ee yevi$eiB thei¥

gc}Kaigrt asftpt cteteee$es} ge}eSieie$, gge park k;}eceseg$ee theey cte ptoe g}E}e} cgeefSy wittw tias

esheect.

     ss ehop gifgeqE isevasi"ee eti Kewvait, Ske civgg vvew ift gkg geemeg Yesgo$govies, esstct

the guma"ig gft eeerkh6eege gresq, $eev'}cxlica, Nesiti, $asciesst, Stw#geptes ewftct $esptndi ncke cleef,

the wegEci et ehe gptiftw vgEgg stee be wauecae cestfiice, cogefgice betweept ctl$g }carcxee greup$

nigF:fithgn stcsiigee'}$ aeept cgptglicS exteResistg ecre$$ stetieee"E k;}orcilei$. Racktl, reeigiou$, artci

ethsuEc eeee$Eoa$ wigg geifyKxist. Nc:sgieptaji$erri wtig k>e" ge paweerivg gegc$ ecge$$ ghe gtebe.

Peiiticec revctcseion$ wiii egkapt as $<}eiegie$ ptptvcrncee. Ni$iie#ic ctieputetr$ ewvef pegreicat

bowndwgie$ wigg eeetwxe. Amb oceeraerg"iic ctg$geouitEe$ asmong secxstef}$ wieg gRcrec$$ as

eeckseoEosgy aeect edzac(gSgeee $gegeed assteevengy ag"asstct ghe weglct. YkNe "stdetgyiftg

ceses$e$ og Y?egfct Worict ceftgEEeg thes $xiste}d Septg betieg$ ghe Coges Wesf k}eet:;an fenclpt

geew whcge ee geas estctGec$. theey wEgg be cexiftpaeeeectecfi by paSopgeSiet steeffe ary}egeg stete$ of

gh$ g"rgmeg $eviee VnieR anct by cesttieeutng gee"$iom$ inthe Micidte Ecx$g. gg ts iust $uch

?eee$ion$ gbeet iit trinee pt:lst fostly-give yeee$ stov$ c"twee'touteiBc;g go g25 waf$ cewessiRg 4g

rtrei{ggoev mme}$ gee eine "eg}igct weriet.

      $e, Eit the$fip ife$g}ocg$, ghe weifgct "f ghe gwwgs wigg geeff be ctneeteste frewt ehe

westct ef She $>asS -- ceptglicts witwpt pteseierk$ ants c"geggicts gmong geatiept$ vviag Reff

ctg$c:lp$>e}cxg. gpt ffeg(geioee$ kretweeev gecskiept$ wggg chesftge ctggermicptlgy. Ift th$ pest-war

yeers, ehe Vntsed $ecste$ inact eke poweg -- asect eo es coeesicteragmle ciegree we
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ex$geg$e!}cg ghcxif paweif -- eo $l)ape ghe worgct cg$ we ckose. Sn ehe rexe centwry, Shc:ge

wigi pae be po$$ibE$.

     SgepaR ts destinetS eo play a lafgef anct Eafgef ree$ on ehe wer!ci scene,

exeegcptng grecsileg ecortemie anct political gvawee ctstct, eRe heg)e$, g$$s.gifyigEftg gfecxeeg

econeg"if)lc "nts paIKicaE ge$pon$itsii2y. Vfrgg sume con be $a gict off Weseefee Eugo$}e,

gssgg"wgag ie$ ifmajQr step gow"rct eccmeeytlc ingeggcxeion. Gxeeeeg peltcicae untey ts

eeunct ge fot;ow (de$phe oppa$itiost eo ehe Mee$ggichg Tvecxgy>, esgeci sihet wiSg

stgeepthege Euerepa'$ pawegEit wgrici pegMc;$.

     Aptct by ehe gy¥ictctge ef ehe gmexg centuty, $evegasg eg ehe cevanixie$ gg wbecgt iee ghe

ge}es$g we twve gegsifsva}cg gke T?)ises Wgdct wiX hesve gifgvvee so ctfesmaieaily ik papaiesgion

gegees econemic paweg as go k}ercoeyee mejer egecs$ ige ineere"gc2eiostesE ifegcxilion$. ggecties ig

ggk$Ey fie hesve es papagcgeieee eg j.6 bigiion; Nigesies, 4ee gEg"biggiest; gasgil, 3gC g'ifeiS!i"ee. Aftes

if Chinc achieve$ ts esmbwteu$ econeefiftic goots geg ghg yeeg 2osO, and whea

megst9esist$ $cgiltwesceery totw geoe $geopceecutceg geewi}in gctes feg 9beg ptexg fdw yeerc, ks S.6

ajgggon g>etop!e wi5g havg ghe iRceme off Wee$ge¥ft Eugegeeaft$ gge ehe l96t]'$. gg wggg

ggmesopescS be es paweg ge be seck"ptee with: econeswteally, ff}etwteally esstci wtltnegigy.

Wee ige eke ij$ hesve stog eveee toeguit ge rseete ptepargy e" gh$ Chigea eS eke 21st

befttwty`

      'rhe figifge$E hav$ citec aye kighiy $pecutesgive, "g coume, but g paiste ke whewt

ftes efv¥geha$lre thop mesgRtaescte off ehe chafts;e$ thtw gie gheect.

      wnile f$ncisting ehe wgrEct'$ stfongest rtetiest, ghg Vrtifesc$ $gtwe$ wilE Eive igm a

yifReeSipegesy wegEes, aRct ks gc}geigee pogicy aeect cteteeese ptegfeswt$ wtesst be esctjusiecg e"

thi$ emegging reeUSfry. gn ${$ch a wegEct, steecl cgeeygy exi$e$ tiof devegoping new

geEcsiliege$ptige$ gscpgh amoeeg eke Ggems? geewers -- esgect betweege ghop Gfec$ff geewgrs gegect

eth$g gecxtioas.
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     Momy polwtcal thoorist$, ift gecxwicular, tho$e" eges$$lfied as "feegec$," predice a

retuggta eo erasctitiencg power pelltic$. T9-gey argu$ gh{gS eke ctisuppearance of

icteolegicai ceerptpatiition between Ecx$S esnd West wEE# beiggeg a yevef$i'on go becactrkenaS

ff$gc:ggion$hige$ k)e#$ee on gegntosial esnd economic igygpagetive$: they $(tsy Sittw ghe

UgetietS $gete$, Rts$$gpa, Wge$g$gst Euageec>Glig, Chwtee, Sespapt, aftes pawttsg:}$ gptdias wigg $eek eo

css$erk themse5v$$ iR thetr ewen fegiom$ whige stilE c"yTspaeistg gog bominastcg in otheg

agee$ ef gh$ worgd wkege cendMog}$ aife giutct. `this vi$w hcx$ kreeR expre$$eci, geg

exesgT'}pie, toy Nafvafes twose$$or Michesel $aptcteg. $ceeect$g has wgstest: "tae egect og gke

Cetct Wpt¥ ctce$ stee gmeft esee end ef globoE corstg>epitition betweest ghe $aspeifgeewers.

Once ehe icteege{gicae ctirrtetwon ktcte$, whet yeag ggop Eeee vvith is ptee g>e{xce and

twrmosty, but oEct-ffashiept$cS glebcxt peIMc$ k}cssed ok ctc>rutsimasee pawess ccmpaeiRg

fer infl"eptce "ftts ge"rs"ing th$if ineeenai ineegesS$."

      Xe"ey Ki$$A'rtger, also es mesy3bef eg ghe feelec $}chooi, hcs$ expre$$eecS " sigmilgr

conciusioft.

      Klsslnger'$ astct $enctet'$ concepeioas of reEcxti"n$ amoRg rtcxSioas iee ehe post-

Colct Wg¥ wotEes "fee, ef coume, ineten'c"Siy wegg gewstctetS, gmutgwouici argage ehetI they

ere inceasi$gepte with eesf iRcseestptgly ingefctepestctegee weggct. Ng stctiept, stog evest

ehe "nited $gcte$, caft stanct ptaene in a woflct iee wSeicft nc:Etioas ptre gstextsicabiy

eewtwiRed witst ong aeeotheg econewtices!gy, eRvieresumeneally, Gitd wtah feggfct So

$ecasfeey. g beX$ve, theteeere, ghdw ghe fos ghe gtwifee, 9he "stned Netiens eherk$f ohers

a siaf moge #pagepsiete framewefk gef ift9eegvetioenag getesgieee$ thaft ctee$ ghe ctecSrine

og peweg pagitic$.

      Above agg el$ep, as g $ucee$eed, ervzaphasts $hewgd be pEaced oee "veiding

cenggice arnestg the Gren Powers.
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     The two gmost iwts>erkaptg gec-pgliticag events "g ghe past hesee-eengugy wege

eke gecenciiieteon k}etweeee Ffanc$ anct Germafty cgggef cenivfie$ off eastr}Ety, "nd eke

eestes℃gi$hmeRe ef peac$ivl gelcsgioR$ betweeft jas>cxpt anct ehe U$ aXeif one og gh$

gmgceectiest aptct most gerociou$ eonfSicts En ehe mueese eg". Ig 'ss 'gncestceEvabg$ gocg{xy

gincxk eggtrief Gfipywtcsgey ey ktpaR weugct engage gee wg:ag witk cay eff ghe Gereet geewer$ eg

gkev Wse$gegst W"sict. Caft we stoe move ee ingeggct$ k)ogh Rv4$$kt gfict Ckgptes Estee ghe

ffgeffafiEly ef ptcgeiori$ in way$ ghet make wag between them onct ethef Gse}csft geevvers gRA$e

as asgegikeEy?

      kR geoc$wtber X995, ogee eff ehe tosightest esgees ifoost pagsonatoae itpaRe$e" g

kesve evet mee -- Mg. Kestzabuyo Ohe, gh$ NgbeE gesasrexsle ige ihefetwge, vi$5geixS me

dvtwg ehe Chri$9wtos holictcay$ c:e wty vacaSion itome in meR, CgEogescto ee ifecegd a

eeerw$y$cxegoge gos jptpanese ?eleve$ion. g wi$h ee re$}eeS gtw you tt gew pafnggapit$ eg

ewr costveg$ecieft.

      E $cxict: "Mg. Ohe g esgyg indetseed ge yos gef cegy}ing ffig gste wcsy fr"#y} rreky'e ge

ernefigg witk me. thct'$ a loftg, Sostg, jou$ney esptci g'fgit v$gy, v$gy gretefuE go you. g'gigm}

parkculafEy grctetw feg yeur gtwegest isc cttscva$$iRg wk{ge, Se me, i$ ge!}cxEIy ehe ms

Ewtgeoriang $utojecg gR ehe vyer5ct gcxSc;gy. Xovv go pg$vptpt9 these eefribge wesf$ ehae kegst

eg ouf ncstioR$ inave $ufferee fregyl.

      "Thts centwry will ge ctowsc as$ ehe ktgoocti$st eeetury iR eski ef hesncn histery. E

kftew if ts yoesf (te$ife crgees wty de$ir$ ehet 9h$ twegeily-gigst eentwry iteg toe ge gepawtesn

"g ghge. the qca$stiest 'rs, whae caft yeug stecioR do gnci whct ccrst rny ncstiioR cte ge

geg$vene ghcxg? gh"pe th(sif'$ whae we cgeee g"lk abept."

      Mg. Ohe yeplied: "Mr. McN"mora, k)ecesaA$$ Japast wa$ cteepty invegved in

ehe East Astaft aeect Pacigic stfdwegae$ gike 9he Vrtited $fttwe$, i believs much eg ehe
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Colct Wag stguctwre still gee'ncige$ iR yvay coueegsy. E}ei}cgeese "S tw$, ee E$ "eef gask ge ncke

efie:k?$ gor g}eoc$ivg ane hepefui 21$e cefttwgy eXegts gg $mek es new weqf ger rnutuaI

existence vvit#'seet $k}ecgdiscg eny lploect, aeed $eeec eke vvcxy ee g}{xrdgcigecte iR thi$ eew

glgeeg getcxeieev$gmige.

     esg think yesee exse $g"egewcily awesfe "g wk(:gi? tsge{xee ctict ctesristg gke Celci War

dcsy$. geo yow thEgek japaRe$re can parkieipage IR geerx"ing xe eoncept go# gke stew

wtestwesa exi$eegeeop c:sfg$g gpt$ eegct wee esnct iee geegtw'ng gpti$ ccpt¢egeg?

      g $c$ict: S`'ifk"}g ge ts, gff eougse, a qeeesti"ft ekcxe geelgy gke jgpagee$aje $gigeeutct "pt$wer.

geut g$e me give y"ts yr}y anEmagreg. Ee ig mogop ew inee$:}e whcage es begieff. Eh@ee gincxe j"part

wigg parkEeipct$ gge cteveE"geigeg ehee Estgegff4gcgilgegeasE eweseg gee thee twopeety-gigst cemtuty.

Asues # hog}{te eke(gg jgepaee'$ parkicis}{ :ftiost wiig as$gst ix movieeg ekdw egctopy gevvexct es wegits

eff peece.

      "N"vv,g keevv tspaR'kas es costfgick eti ineege$fr$ heife. `E'k'eee "esge}cxfie${g cto nee

wi$S"g ER espty Nijv(:gy ge $e{ip theig eeunety yeveee to it$ gege-tWeeect Wew gg E"ifaigMitewE$#"g}. E twmige

the jewpaRe$e geveopge fer theig wi$g'e ke ovoict fi"#"iiltsesgi$g"if).

      "eee ehop eth$r kanct,g thEstk gstcge, if E rw be pag$c)gegeg, g thEeek ghet jespast hcg$

cgrsiet;g gtv(:gil geeiiftg gee gesg ift thi$ gettst-eegci Wgeg wewgct, k}ecesee$e jespaee eegv"tioved

tssets dveE"g"v gg"fr}cxi pagMc$. gS k"$yt'g mm es moetvAakx"g eff ekeev $eceegEgy Councig. gwhigek it

skeasIts be. gg hcz$fe'k ptoveec:g tt majer geee ift uaites Nasilion$ magkeepistg (sffgeif$. g

thtak if $heutct. ge inc$$s¥'e geelgy geEesyed es gea$, ffer opMesg"ifagege, gee g>g,s$g'}igeg ChEeees, Res$$kt,

gk$ Y$, $fesRcee eseect $stgetpt eo give ¥ge geifcgeeg wecggemee$. E inggmk it $g･eeutes. Ie hasif}'e

pg(gyed es goe@ gee eEe}$asgieeg thec ekistes esstct E?kg$$ies, ipt parkceegesg, exe Etweggecetil ineo ghe

f#gegEIy og gecztiopt$ a$ egoseEy as V$ anes japaev aftd gegewitce aeect Gerffy}esgmy.
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     "eees meEptbef og oug aesctieftce gec$by w#eekt evee begievg #h<st gkee V$ crftct

sesgegeft weueges gighe es wew esgain. Nef weestct Skey ktegieve gkec gegesnce ewRes Geggptany

wewgct Sigke a war agasiR. tspak ifvxas$e hekp gke U$ woyk witk Chiee esftd R{s$skt e"

$ge$esif$ gkcse w$ wiig geopvef gighe ee wee esgasin.

     $" E hope japan wigl play a fyeuch, wtucst gfeeeer ifoE@ gee geopaagtic$ iR ehe

#wegeeyt･gig$g e$sttwgy ehan if has in ehe gecx$g haif ceneury."

     Eretwrg"} now go g"fty ctiscu$$goee ef CetEecgive $Gx;ueggiiy.

     E$tibf"ere stesggoms caft ge$$toevd gpt aft egegiwteeept mageeeeer ges ghe eeect eff ghe e"gct

Wecg, thopy new ge vi$iege -- a cegecepttsesg kamew"gk -- efi es weeEes ehcxS w"uEci stee be

ctesg"ifigigecfieecS toy ehe Eas9-VVest sivagry ehcge $Sgesge}fiec$ ffc}geggsc esgect ctetept$e paiicies ecgo$$

gbe gl"be ges s"ncge thom feecey yffec:ss$. in ghec mesdiv wesEes, g be!ieve $tecutw

y@gc:ggion$Slige$ esmestg netiost$ $heulct be ctigecgetS gevagcares ghgee geets: 'rg`xey $itewtci

   g. twevipte esEl stcxee$ gagarasRgee$ "geieest extefn#g aggre$$ioee -- kestster$ skguEci

      geet be chptftged ky gogc$.

   2. Ccxgigy ehe sighe$ of mistontie$ aRpt etwstgc ggeesge$ wiwhiee stctop$ {-- Seeop Kuets$ gge

      EsttR, gwesq, esstct Yugkey, gef iif}$eesstce -- agmct gegovgctop whem as maas ge gesfe$$

     beeif ghevaeece$ witinout ge$ork Se vioSence.

   3. Estato:i$h a tr"tri}echagei$m fos gesetviRg gegiestgei c"gefgicts esgets coeegkets withift

      stegeien$ witheut uaiStwefai aeeion by ghe Geecse ge"w$rs.

      gn $uwt,EbeEievg we skoulct sttive eg cifexe ee w"eEes Est Nifvhich gelcsscon$ exm"ng

ge{ggioas weulct be ee$ed opt 9he etgge og idivv, ct vveesdift wkich nctEeseei $ecutw wasutes

k}ee $a,sptroeseectil by es $y$gewt og cogioceEve $ecigtw. the e"evffeicg gefeveavggeee, ceftfgieg

gg$eEcaljoft, aeect ge}evcsce-keegeing gueecsioee$ geece$$gety ge asccempti$ft the$ep "bjecptve$

Ngveulct k>ep partosma by gyaueeigete¥geg ift$wtwhon$, a geergcrnizescS exeect steengthepted

eegeite}<:g N(stioge$ empeher with new qnd expagecgec$ gegieitesg c}rgesgeiz{ptieft$.

      Te'lcxg ts g"g'}y v-rs'Eon oe whe past-Cokt Wesf sgvorict.
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     $uach a vtsioge ts etssi$g ges asrkle*l{xtop th"ft 9e eschieve. :ri'eop gou9 is cSeer; tout

hew ge geg thege i$ geog. Agect E stav$ ptas ncgic fQfrg}ukt, fte simpte e""ct mep eo

success. S cte kptew gptcgll $E.ge@ ge vi$gege vvilg ncg kme escgeieve}($ in es gnostgee, tt yeef, c>g

even es ciecesese. gg wiEE be ctchievee, Xce agf, stgwgy anct thgough $magg st$p$, toy

ie!}ee(Sef$ eg cte:}{Sic(:gtiasge esgect paptsteeecop. $e # usgee ghec wee movop eecw Eft ebectxe

ciixecgiosc.

      FerkesRcnte#y, w$ kesve time ae gegocmu stege by siege. ihop si$S< eti gesfge-scgege

riftiEbefy epascseien$ betweege esg #mong Gereat geeweg$ i$ gefoeeecy ges$ tic}c$csy thesfi (sg

cgg"iy stme since 9he end og Woas Wos gg. Aeesteugk, wee cauooe be c$eeain they wiEI

eeevet esgasist eeske gegesce, whet sifve eexft ese is g" irwg$ these if ghee $ystetw ese C"gEectw$

$ecutw bgeek$ ctevvee esne wtw betweeft GgeeaS geeweg$ occer$, it will nce k)g:e ffoueghe

with ftvcgecg wecge"ft$ esgect, ghegetege, wigtagk {eees ge eeg"l destifk$cstest eg geeci"pt$.

      We in th$ V$, ygutee japast, gestct esgg ether EpthesktaesRts Qg oew globe c"gestitese eo

Eive with gke eg$k og stasegerg ctedgtsceiege. Toclciy, ehee Vwhei}cS $etwop'$ wcaf ptesn$ provicie

ge# eotwistgstw ts$e otf geecgeae weepage$ ja,g$e as theey ctict wineee g wes$ $ecxegaty eg

Petest$$ iee ghe g9es$. gpt kte acg kreXeve ginet ghe ovefesgs Americage "r tspane$e

fecognize$ thi$ face. Ne ctQubg, ke gg $#i$ was supati$etS omct pEecsecg ioy ghe

onftowncemertg toy skopstcteeee$ geKs$h aitct Yeksiwtn juae ]99:2 ehc$g they hesct asgeeecS eo

reduce ctresmuScalgy Y.$. esnd Rgs$$ktn stucSecr weepait stockgeiEe$. Tedc:3y, thefe c3g$

4e,eOg-5g,OOO mucEeer wesfheects ifi ghe weglct, witk es gegal ctestif(scfive pawef moge

thgR l gtg"eiEEion tirpte$ ggeneff th#ge khet eg ghe bowtk ehcsii ffieteeaed giroshime.

twt'g'iiftg ghe get$ucsteR$ ceslgos fog by gh$ $XAew ] Tfew crg$ achi$ved, ehop gekesg

weegeon$ irweBg"}geify wEaa be feieecleces eo ag>gefexim(skeEy 2",eeO. BE,g$k ecwt YgksEft

agifeeepcS go gustl"tef gectaseljos}$ ehe$ w"utes EErwe ehop fiv$ cteciared twcleeg gettNeveg$ <gke

Ustitee $gtw$$, Rua$$ia, Ffesgec$, eke essttaee Kingctc}f"r} geect Chines) witk a gegesg eg geig"ut

ro,Cgg wagheoes in 2003. ie was es inighey de$igestoie move, but opvest if gk$

esgreemefte e$ rdiMetS toy begk gkee V.$. $eevete gRci ghe if?kg$$ktee geesrgiesmeng -- ewstct ehpt
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i$ geee9 cpt cti cedietee ･･- gige st$$( eg gestf{.gceiost of $eciegie$ ecfo$$ ghe ggobe, winiiop

sofT}ewgmcsk ifecgueceBggS, wgk be gag keem egiwtincs"ed. g ctQ"b9 gpt<sk es $viifvivee -･- it waege

wge$ one -- ¢ougct ge>fiE}rceive wtuck dtwegen¢e toetweeee es wegict iee which 10,eee

geeseieeg uagrewptee<:gcts hasct beeee @xgegcxted ecgect ept$ $a$kSece to esgegeck by 4g,gee. $e ekev

equeestgen ts eaee wop geag ge twwhert $ueely the aasweg grge}kg$g ktw y$$.

     'ifk"Rg egmct eff gkop Cggct Wew, ctgeeeg wesh ehe gegewiftg asrtcter$eewncting of eke Eesck

esg ntggEgy "ff gekcEeeg weepafi$ exeect eS eke high st$l< css$ocEeced wssk thetr eensteeeeed

eexgsteeece, paigets ges boek ghe ege}geptytwstiey gegect gke uggeeecy witk waSgin ghe eeascEeeg

pawess $S'gesugct geeKecxs'g'ggptop thetg gftgeg-g$me geeeeEeeg gewcee ebjecgive$. W@ $SeeeeEct

k;}e}g;Est witin ca bgeect geestwic ct$kxsitr$ "veg eseeeerff"pectwee gegeEeeg stg¢sttegie$. E begieeve

$g,gecin tt ctopk:}cg9e vveeskct $asgepark gkee ecmegasst"ge ehec vve skeutct movop ic}{:rck ges ee ee"get-

geeecgeerwoelct.

      gee $agppark eg gvegy pa$geioee,gwiEE gs#iggek@ thffee paieets:

   e. tthmp ee}{gewerEeftcee esg gkop Cwaeest twtw'he C g'ig'ms iee g962 -- agees, Ege parkc"twr, wkec$Sl

      has k:>$eg}ft geewtee eseeet ee geceepteey --･ if"eeke$ cgeeg ekc:sil so geftg ess; we eseect

      "th$g Gfescsg Pewers passGg$$ leeifge iptveng"riop$ "if geecgeeg weapage$, we wiEg

      fece ghe ask eg thetg w$e esecct ghe bestxgcgEest efi oug gecsgiege.

   2. 'ifhtw si$g< ts ge" geeegee -- if ee eeveg was -- gcg$ftwtgekEee eft g#"gigitgty ggceifftes.

   3. gn eeceeee yeeng,9heeife kes$ beege g ctggefig,eecic ecgmgezzg$ Eee whee whEeekEgeg eg geecting

      Weestewt$aji}cassi#ygxge:}$rk$eme･tr}c)ekwtigX#tyesgectcivliktge"}- gegesyctgng gkee

      e"R"rkidety etigby "g evncEet#g weepan$. wt@gee awt moee eg whem -- catgg'ijewgk

      ceefgeslgeEy n#g yeg es moSerggy -- twee exgeee$$gevg view$ sireeggeer g" th"$fe g inesv@

      st(:gee}cg.

      Fgg$e, the euk?cxpt wti$$ile Cgi$#$:

      ig ts stovv iififrideey gec"gptized gptet ekop esetE"ms "g gke $ovieif eegeiQee, Cesbe, aeect

the VeeiteecS $geto$ ipt Ocgetw g%2 kgeseeghe gh$ twgee ee{sken$ ee git$ v$ifgw oe wex. $ut

Nijvkcxe was ptgg kgeesgvge then, eseect g$ geeg wgcteey wtcteg$egee eoc#ggy, nijifes$ h"w ciese ginop
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woglts e"rfie go ghe ioxink eg eeesceeef ctg$cx$?er. JLI$e six rRoRth$ ago, the Keoaecgy

getoeasy gelee$ed he¥egeSore highiy cicss$lfiecS eape$ which pfovicted new insight Engo

ghe moar ccta$ggephe. Neigheg ehe $eviee Vgeiost, eeer Cube, neg the Ywhex:S $eete$

iftgenciec$, toy st$ escstept$, ge cgeege $uscge st$S<$.

      You gnvy recesE ghec ehe eytw'$ k>epgen when ehe $eviets gmoved eeucaeef

wtissi!e$ aRct bowtbee$ e" Cueee -- $ecyeeEy artct wifh ehe clecr ineene eo deceivs -- in

ehe ${sffemeff ttftd eegiy g"!g eg S962. the g#as$iSe$ cad icK>rnbeg$ wege eo be eaggeeed

eggiitst cthes esggfig mesica'$ E(g$# Cecx$e, geutling 9CS millioge ge{eogele cX} st$S(.

e>giotogrape't$ eaken by a V-2 gecgwtesi$$esnce esigcycxgg en $unctcxy, Oceotw g4, i962

togeughe ehe cSege!oyifygeste$ eo Pifestci$eee XemaeecSy'$ eceewhesu. Xe esstd hi$ E"v}i#taagy ptRci

civiliaft $ex;utw (x$viseg$ beIieveecjl ehcX? eh$ $eviets' gctien po$e}d es whrex go ehe

W$st. X$Rftec$y thef$gofe eseetheygzepcS es evesvag qvaagafttine og eubo ee be eeeoceive

Weepte$cgey, eceek)eeg 2dg. twepar"gien$ aEso begaft ger aif strike$ onci on afrgptibious

invasiest. the coRststge}g'}ey ptespt$ cesllec fos a "fit$t-ctcxy" aig cgetack oftOge $ertie$, a

twge cxteGck. Aee iftvcx$ion fosce eegagging lgO,ge6 ixoop$ w(ss css$ewteee}{S ace

$eutgietssgeen us g>exe$. The ¢gl$l'$ eesgxte g" es hecct ege $dwrday, Ocgebef 27 and

$ueectesy, Oceotw 28. Nact Khif{s$kehev itee pgsblicly awtouacecS on $undcxy ghct he

wa$ gemoving th$ g"i$$il@$,g beEieve eitcsg eee twencgcly tt meSotw og K$nRedy`$ eyyigigaty

and civ"iaR advi$epg$ wouict hove gecestftamegecSext :aenchiftg thop csggack$.

      To anctes$gand whctsk cee$ecg gh$ cfi$g$ -- ants hew go avoici simigaf eRe$ inthe

fftwge -- higke-fankiptg $oviee, Cukxxpt, esgect American pariicipastts in khe esoctw'eg}$

geEcsgiftg ge it meg in a setiop$ ef comgefeftc$$ beagiptsting iR g987 astct gxtestctigeg ovee ec

eetiecS ef give yeee$. A errmeeiftg chaafee by eed$E Ccg$tfe iee Xewcaa, Cube, Eee

jonuaty 1992 was ehe gM?s and gcx$e.

      gy ghe concgessioR of ehe thigci meftiftg ist Mg$c"w in Jomugty 19g9, it hact

k>escorzze cleef ghesg the esecisioms ef each eg ehe thsee st{:xeion$, kxpgege astci ciwtptg lhe
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cergge'$, getsct ec}teeee cksterte<S by mi$ingoemaiest, wti$cexgcasletieft, geptct wti$S"cgs}sv}eeee. g

$trResEg cts$ eftly eeasg of wta"y exeswtpte$:

     geeg"ge $ovieg R"sti$$iie$ vvege Eeegsc>cguced ineg Cuee iR etw $kswtmee ef 3962, ?he

     $gvl$g Vnion and Cupd believed ghe asgyitetS $edwe$ ingenciee eo irtvaese ehe

     gstesnd ER "ifeseree overkhfew Cc#$?fe esnd gerifigove hi$ ggvefezamene. We hesct st"

     $kscko ineesueioge.

     `ifhe beited $eete$ beSieved gtw $oviets woulrk ptevef mov$ nucieeg wesfheecg$
     eutstcSeip ghe $oviee Vnion-- kh$y stevef kact -- kut in gacg ehey esict. ER Me$cevv,

     iee aggg, we aecggNed ithet by eceetw e%2, agg?uougk skge cEAcrk eh$ stme vv{ x$

     geepariing sto getscgour weepams ege ehap twastes, $oviee stkegeee wawteecss hats,

     ggetseed, beest ctekvegEK# ge easac, esgect, as g htwe sogci, whey w$ge e" be
     gexgeeed ept if.$. citie$.

     "iffreop $evEets k}{eiievee Shcse geuceeex weepaff}$ eouEct be Eptgge¢leced ingg Casee
     sweeg$itgy , Nev#eglgeut ctegectiept, eseect ehet eke ee$ w"eeEct stge if$$pagect wk'gept theig

     gegesegeee vvas di$cle$eec$. thefe, too, tweey vver$ gge epaee.

   geftts figeesliy, these who wer$ geeeecxxgeecg 9e aggge twesict$pt9 Ksptsteey ge de$ffgey ghe

     E'gqeg$$a'ge$ gmy es V$ aig c:zegack winich, iR esgg gikeiikoocS, weeekt hove beentoggowed

     by esft awtgehibiou$ iRvcssiege, vvege agmest cerkajstey g"if}twakeR Eev whetg belieg

     khec ek$ $eviets weeslct stoe gespaftts ify･}ilitessigy. Ag sist$ stme, gins CiA geparked

      i#,"ee $"viope beoog)$ En Cutc>ca. iag eke Mese"w cegegegence, pagticipagiis

     geeifgeed thege weife iee fesee 43,gee $evE$g beeege$ ese ghe istesnct, eseegeg witpt

     27e,Oee wglE-esfify}gec$ Casbeft krooge$. E}dyek gegee$, git khg wewcS$ eg thegg

     cc:}sstgoondees$, weva cteteevifeifted ee "fighe 9e ehe ctem.ee Skigop eueeee ewtciats

      eestigpteted whey wou:es hcxve sufered gOO,eOg ccs$uavaie$. the $eviets --

      gftcgucting Eeeeg-strif"te Feseign Mistist$g Mtsfeg A Gg"gig"eyko ttgedi fegifptet

      Awtrmdoe ee eke W$ Aeecxilety geokxyffigipt -- opmpy$$$et:g k.rkg$g eti$#)elieg gincstl we

     wougct kcgv$ ghQughe gkect, in ehe fac$ eti $sAck es cetcx$efegehic cteffec#e, they

      woesEct stee hove ge$pasecSecg svteilitesgEEy $aj:}ifmovifgeeBgop iee gkop weifges. Veqs

      geifek:xxtwy, the ge$ufi weutd kesv$ ec}eept ustcgRgy"ggesbEe e$ceslecion.

      gn g9ea, ctuesieeg eke csi$ts, $ome eg ws -- parkcugewgy twestctegeg KopptnetSy esRci e-

･･ beEieve}<S eh$ Ystitee $eete$ gesce>c$ g¥eee ctesptger. Tk}op two$cevv meeiRg comfiyme

eeectse gifesgmeRg. gee cturing ehe Mesvesrt# c"ngeeeitce, wop geewted ehet togeh eg ws --

ecgeec ceshetRgy gthef$ -- httct $e"riousty uftctere$simeggepcS tho$e ciesstgeif$. wniEe ige

eectvgesces, vvee vvere eoict toy gh$ gogg"ner Wex$rw geacg Chiet ef $gcxgg, Geeeefts AsteteEy

GgEe;rkewv, ghec, iee i%2, $evEee geifce$ gee Cuee gpm$$ge$$ed eeeg eeeegy stucgeeg vifewitee{ss

gesg Ske ingegyif}edgcsgop-gctsuge f"#"}ts$t'le$ eaffgeeet;g oee U$ creie$, totw ptifcgeer k>()tr"v'gb$ #itct
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gecficesg eeucie}csif wesrheecg$ as wegg. the eocsical wesifkeects w$ge ge ktw es$fiec:g gegeinst

V$ iRves$ien gegce$. Ag ghe stme, as g mentioned, ghe CtA wes$ geparkiag sto wcarkeects

on the lstesgect.

     gee Neverif¥bey g992 -- twif?y yeef$ c:gte¥ ghop evene -- we Eeewtet# gncge. Aft

esrkicle ggegegegecS git eine g?{,E$$ktn geep$$ whicst stececg Rket, c}k ghe ketgke eg gite Mi$$ige

Cyisi$, $eviee fferce$ en Cube pa$$tfB$$ee tt eoeai of S62 nucEeee wessheect$, gnegucting

cxg g$es$e Escg gecstcesg wewkeecxcg$. Megeeveif, it wcx$ g$parked ghcx?, on ecgog:>eer 26, g%2 -

- cr momene eg greag aen$ieft -- wewlpee{ss were moves skerft whetg stegesge $ge$$ ee

pa$wtoms eEosopg ee whetg ctetivery v$hEcges izz gefteicgpaeiege dyti ec y$ invasioge.' `ifitB$ evexg

ctgey, $ovi$e geeSegme Miftisteg Mctistov$l<y gecetved a ceskg$ fueffv'it ghe $evieg

c"rvencstct$g Eft Cwkxg, ineerg"veiptg hitw eg whE$ escsien. twetinesv$$(y seftg es ees Xhrts$hchev.

Xkg{g$kckev eetcre"ie}ci it gge Mecigeev$g<y with "Agegefovecl" scgewge}{g ocg"$$ gkop

ctocument Cgeeggy, thege was ge beigke tw gkpt, in gkee fescee eg es ee$ cgeeesck ･･e･ wg'gEch,

as g heevee $}c:xies, meny in ehtw U$ g"veefg""mestg, g"ifRigitay esftct eivgggaee esiik$, wopr$

pg$pafepc$ ge gecefelmeitct g" twestcieeee Keeeftew -- ?k$ $c}vgope gewce$ Eee eifee weuges

hesve ctecicte"cS ge a,g$e theig Ats¢eeeg weepaas gethef 9inesnte$$ theme.

      Wop st$ee Reg $pacesltwe ctec}eee wket weugct hov$ hesgepastee Eft twcse eveptg.

We cesR gerecSgc9 eh$ ife$eeit$ wtsk cerketrtgy.

      Aitheugst es Y$ ERvasiege gorce wouEct sueg begevop k>eege eeegesigepm wtah gacticct

eeucgecif wewstee{ ts -e･ ehe twesttseptg eseect g eeesct $g wecKEcajSy geif@kiljeee gket e･- xe eRop

$Sigowgts betieve gke(ge hact Amosicon iveege$ k}$eft ettigcXed witk geecEeeg weepaee$, gkop

g$ weuEci stave ifegifaievet# beegvta es eeagcgei}cgg ee$fx}ftse. wtpt whopeee w""gci tc httvtw

enesect? in g,g?ger ctE$asSteg, st"g onEy ffof ghe Y$, Cug:ec:i aeect gke $eviee Yniesge, tout geg

stesgieas ecge$$ ggme w"gki, incg"ciistg S"past, ehet wevgd hove gxvast csggecgecS by ggeop

nucgeefges{E eut.

      `Wg"xe paiesgSwisk eg eyvebph{z$gze ts ghts: twmeee twstg$ zaife icaEibEe. We "Sg ifeek$

gy"gg$eeske$. gn eur ctesigy giv$$, wteteske$ gg$ cestIy, tout we egy ee geegit twefv"ta theev"}. Sit
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cesgeveeeggegeesg wex, they cest give$, someeime$ thousustc#$ eg giv$$. gee if geeeisteskes

were gee cxfiiecg cSeci$iog"s$ geldwing go ehe u$e!v cf stascEecif fosce$, th$re weuEci be ste

geegriiptg pasios. 'ifhey weuSd ge$tsit in gh$ de$efasceiege og stetion$. E k>elieve, theifegor$,

ts ecesge k:wa gefeecSiceed wau coniictege¢e ghcge ghe iRtseeinke cerg"tbinetieft eg kumeft

tfctggtwgtw exeect ftwcgeet weepept$ cesgte$ es very high gri$k og ew pageptscet e(gg(ts$egQphe.

     g$ there a wtgSigary ju$wwicctioit geg costhauigeg ee geccept ehcxe st$k? th$ esn$weg

i$ E!gk･

     `gbfrse wtitwesty ptigggy off stkcgeey wecgeoev$ ig giffptited k" ct$geesgstg ene'$ eppaft$ptg

ggewffge gkeEg es$ee. "ffkeeyefeife, if oasg "gepascesuS ftc#$ eee geifcgeef Rifveepage$, theife i$ gme sue}et$

g#g ee$ Se pa$se}s$$ ehegtg"i.

     eerky k>ecesuse eg ghe ineeetssetS ifstctes$gptstesing eg how ego$e} we cesgvtae go

ecgsusteeg ctestwg She Mi$$iEe Cgi$5'$, gmut gegse tc>ecaasee "g es geeswieeg recegnitieft otche

gesck of ggNi#itgty utigEgy eti eh$ weepaft$, theef$ h(g$ k}gNpn es erevctwionary change in

twgekieeg esg:}astw She gegee og st"eEeee gogce$. Mcacsi eg thi$ ehesstgop hcs$ occeszzed in gkop

pa¥;ll give yeers. wtesRy fr)igteesg'y geebeg$ exe stow gexepaeeK:g ge g" eesg beyeeect eke gee$g"a-

Yeetsin aggeemene. $eme go so fcrg os e" st(seop, cg$ a have, ghcsk ehe goftg-eema

estsgecgtwee $stoulct be es geeuifst, leesofag as prescljeesl, ee es iteft-stvaeEeeif werict.

      TgRcst} l$, heweveg, a v$ry c"twevegscg psepa$l9gon. A gncjorXy eg Wes;eerge

s}eeceegSbyr emef'g$ e･- bogpt mgeitagy esrtct eiviiiesrt -- egfteexase ees begievee gkeee thfeeil et ghee

ks$aje eg eeecgGIKxg weepag}$ gegeveptts wc#g. Zg;yigeiew ggz$uts}$g(i, twesictestk cerk$g'$

eecsiiieneg $ec"fgSy AtwE$ee, ptas argued ghct a gegcaR ffef $gig'g"iintwigeg stucgeer svveepaee$

"g$ ec ptesn ffc)f gmukistg Sh$ wesgct $csfe gog e"stvopftgieptgg wecti"g$. g am thegegeg$ ptee

enwhustei$eic gbeut it." A gepark ef age esvisoty ces"#'igTif}twee, esgepaineeecl by germeee

geegeeese $ecgeeary exckegct Chestey erptct cptaieret$ igy gefmef Aif geegce $ecgetcaty

theerif"ict$ Rtw, nccte e$$eeeeicrE!y ehop sume g}eifte. CgeegEy 9he eesag$nt Actg"giiftg$becsi?iest

$s$gepaes$ ehcge gecesseegen M"weveg, evou if ene esceepts eh(;xe esggugneng, if stnesff be
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ifecegnized thes ghe cteeerifeRe fto ceRvesteionag forc$ aggre$$ion ccareie$ ec v$ry hggh

gong-fiefwt cest: the gi$k og " pacgeeer exchaage.

     Ie i$ 9hcxe ri$k -- which ee s"ne i$ unes¢ceptesble -- gitcxe i$ Seecting psorg"}iRegeg

stecutw expepgts ge chenge thetg view$. E ctoeebe ghcxe 9he pablic is awa¥e eg whe$e

chaftge$.

     Tocgc:y gEven ehe wEdeEy ctiveggeng view$ eg $e}castw eKpegts, toet wtsh eke

gecognMoft ioy ali ghet initietioft eg ehe es$e of eneecEeef weepag"i$ ageinst ct ptcacgeer

etgutpped "geg}esteftg wewges Eouci g" ctif$cpteg -- $S'h"utct wee pteg tc>egin ig'fiv-rtediete{y go

cteeuae ghe ment$ et geeegtrgcseivop gesstg-geme "kjecgevop$ tfc}y gkee givop ctecgesgetS stascgeeg

pawer$?

     We ceulct choo$$ ffgerve gheee egetiogi$:

         e. A coReistuecsgiost eg gke ptesent stgcsfie}e:;y eg "exeeeecte}<$ tseeeggeitce," gke

           stgc:eegy recestfir#"g"vec$ Ec#$e yeef gmy ghe Cgineoge Aeswtini$tsecion.g 'ff4klts

           weesEts mest limtaEng ghe ws esscct Rg#$$kt eo gs>peexiE"nctely 3,50g

           stgetegic westheects eeck, ghe gigwife aggeeec$ ugx}st by tweddent$ $Essk

           eseeci YeEstin.

           tw

        2. A gv"iiptirif¥uwt ctggeegene goerce wesk ehe two mojog nucgeef paweas
           ¥eeainieeg ne erytore gsittn ],Oee-2,Oee wesrke;}cxt$ eeck.

           oc

        3. A$gsterongEy esesvoctwe, ew geSvfra, iny agl give n"cieef pawee$, iftsofesg pt$$

           geg"ck5catwe, ee # steit-eeagcgeef vveggct'

      ge vv"$ eo costwipae$ ee ghtw eseeefte, thc:ge in g{x?e Spats wtme Ministeg Keeging eff

Acs$9rcr[ies agepairked an Eneerrictigrc# cegyiwti$$a'oee go ctevegoge ptegro$al$ ffos "es

ptpt:ggarn ee eschieve a weglci gega{ty gfee ef rwcleeg wec$page}$." the Cefg}wti$$t'on

mewttw$ inci"c$fBcg, aff"neng elh$f$: wtEcheg Rocafct, ehe geymef ptime miptister "f

' ecgif7}$egasf a$ geyeceEcgeblen gegets ge Rstge geece$$igy eg stf'eaigegesinptg gegogecgi"ee agesikst

"kMeecskout" in the $gcgge$ wkicst ptevEeu$ay gee$$e$$ed ewcEec¥ vveepage$ cva ecqui$itien

eg $uch weepafi$ by gagve $eece$ og eenerg$e$. The eeigybincgste einucgeeg weepen$

cougd be "ecegmgegi$g'eee in es seeiop$ og steps;.
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ggesgeee; Ses$epit ReetoSet, ghe g995 Nobeg Xgeeegeegs aftes gsce ef ehe de$igRes$ ee ghe

tsagimeg stecEeeg bomb; Field Mesrshag togpt CQrweg, ffeermef Chieff ef ehe gnti$gl gmegeme

$g{:ifif; berept Lee gut:eg, fofmer commendeg oS eke g$ $ggc eegEc Aig CerifieE'nend; aptct

#ygy$eee. Ygtee Cogy}mi$$4on'$ gecergtwtencScxeioa$ -- geperkee wt wkcxg stas g}ecerifgop

knewge es$ ghe Canberga Cemwti$$ion Repart -- w@ge uaenimo"$. ZIYxey wee$

geges$ngeecS wtsheut any qualMcagieft og even eh$ stggheest ftgee ef cti$$eng. Effhey wged

sgeee ggv$ geecktfee NuecEeeif geevveg$ -- Chirtg, S?ts$$ig, gefitetst, $gesnee exnd ghe gnited

$gecee$ -- ee stecop thetf ueeeeasivocesi pagiticesE eeifnystvgifetsmeeefi fies ehe egigegeggstcptgoee og

geecgeeg vfeepaff$ esnd ekct thigy eeccgegv!apmy $xgch # cc:}fy}gfg"}Xmegeg by thgee

lg'if}g'geeedgg:ge$ stege$ peintee eewafct Stseei!aiftg it:

        g. WYee gewtevet oti gewtu¢geeeswveepan$ffos"gii geieiexk st{:sg<,g$.

        2 the $epa¥cxeion eg aEg rwceeer weswteects ge"snv} #beeEe gauack vekicgee$.

        3. A declcxsagiog"e et eeo geirst V$ee eg stecgeeg weepag""$ agaift$e ptag¢Ioog

           stcsi}e$, esstct N" Y$g against ev"ge-fteeegeer ftcti"ri$. 'ifg'Ee Y$ h{ss steveg

           mm witliRg ee R'v"}gk$ $asch es ptetilge.

   0ge geeceg"riber 5 og ga$e yeef, stin$geeee septer regife}cS V$ R"iftigtsorng oeeicers astct 42

   $ffpgeEpy ex$rRigats anct geitesgeg$ keegvi othef ptcxgiems ecge$$ the wef#ct jgistetS Eee

   $sspmriistg the gecomwtendecien gor cerr}pteee egiwtin($ggge og twegeer wecpan$.

     Yee#$ wEEg pa$$ betiere the$se fecegptg"y}eimc$cxSicm$ esgsi ivby iwtgegeg"v"ieneet;g. gept

wafee esye mpirtstigeg ge tweek eet of este g?}iptcg$$g ehcxe hcss gutcieecS gste stfetlegy eg gkop

geagegeeg pavvers fog ever ffoeeg ctececcte$. Mege esnct mere pt)Etsicese esgect wtigitttty getxcgems

ewee e"wtistg go eestctef$gastd gwe fueevctametwal kntbs: we c"ft igecteecg "put ehe geeeig

k:}ecxck gge ein$ k)etwe," aeect K we cte geog, th$ie is $esk"$eesngiag gg$k ekcxg gite 2ist beftgifty

NljvEEg Rifvitstess g geuacleeg ho!ocaeest.

      tA $agwt, ghest, wtsft ghe enct eg gke Cogct Wag, if w$ g¢it g" opstabEtsh es $ysiewt og

Coagecggv$ $ecutw, if w$ pEace peswtculesg ewtphasi$ ert "veEesing wess esmeeeg gke

Ggecgg Pevveg$, aftd if we take stsge$ eo retefg} go es geon-eeecleeg wegEd, ghe twept9y-gigst
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centwgy, white ceriaiftIy stog es eentury ge twesstquilSiey, nenc rtoe witfte$$ eh$ kiiging, toy

war, oe aRethef Z6() g"g'eillioft pmpEe. $(,sg$gy ehcxt mt#$g be noe oniy our hope, acg ongy

eur ctfeem, gmut oug steedicx$e otoSecgive. gknow ghet some of you -- eefhap$ goosty

ef yeu -- ncy ceasictey $Kgek as stctsggrmeeve so geesgve, so simpti$tic, esstct so ipteetwic as

eo be quixotic. But cx$ hugpan twng$, cMzen$ of a ggecgg nctiege witit gke g}"wef ge

inftu$Rce events inthe weygct, can we be cx9 peece with oumegve$ if wee stsiv$ geg

g$$$? tghink stot. Shopa yeu vviEE "gfee.
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　　　　　　　　　　　21世紀をどう生きるか

　　　　　　　　　　　　秩父小野田（株）取締役相談役

　　　　　　　　　　　　　　　経済同友会幹事

　　　　　　　　　　　　　　　諸　井　　虞

1．21世紀人類の課題

　1　地域紛争・民族紛争の解決

　2　人口爆発の抑制

　3　貧困退治一途上国の経済発展

　4　環境破壊、資源、エネルギー、食糧不足の解決

H．日本の役割
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We in the 21st Century

                  Ken Moroi

Counselor & Director, Chichibu Onoda Cement Corp.

Member of Japan Association of Corporate Executives

I. HumanTasksinthe21stCentury

l
.

2.

3
.

4.

Settlement of Regional and Racial Confiicts

Control ofthe Population Explosion

Elimination of Poverty "-m Economic Growth in Developing Countries

Solutions to the Problems of Environmental Pollution and Shortages of

Natural Resources, Energy, and Food

II. RoleofJapanforthe21stCentury
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　　　　　　　　創られた恐怖：大きな恐れ．．．しかし小さなリスク

，最新技術の危険を誇張することがわれわれの健康とより高い生活水準の追求にとって危

険な理由一

　　　　　　　　　　　科学と健康に関する全米会議会長

　　　　　　　　　　　　　エリザベスM．フェラン

　私たちは膨大な量の科学技術が支配する時代に生きている・私たちが持つ技術的ノ

ウハウを使えば、健康増進のための・豊富で安全で手頃な値段の食料品・生命を救う

医薬品、効率的でクリーン・手頃な価格で安全なエネルギー・それにレジャーや自由

をもたらし、生活を快適にしてくれる膨大な種類の消費者製品を生産することができ

る。しかし、多くの消費者それにマスメディアは、高度な技術の応用がもたらしてく

れる羨むべき生活水準を喜ぶのとは違って、これらの技術を恐れ、殺虫剤、バイオテ

クノロジー、原子力、医薬品に対して、先天性欠陥やその他の形態の疾病を引き起こ

すものと非難するようになった。

　特定の技術への恐れが増大すれば、たとえその恐怖が科学的に根拠のないものであ

っても、その技術を拒否するに至ることは避けられない。皮肉なことに、時には拒否

すること自体から新たな健康リスクが現れる。しかし、健康やいわゆる幸福な生活に

対する環境上の脅威に関する公衆の議論は、感情的な非難に走ることが多く、科学や

理性は対話から省かれ、リスクとベネフィットの関係はあいまいなものになる。

　一般消費者が毎日聞かされる様々なリスクを正しく定量的に理解するのを支援する

ために主導的役割を果たすこと、さらに科学的に根拠のないリスクをむやみに議論し

続ければ、かえって本当の健康リスクが生じるということを強調することは、全世界

の科学界に課せられた義務である。こうした本当の健康リスクとは、次のようなもの

である。

　a）微々たるリスクあるいは仮想リスクにとらわれ、健康優先度を逆さまにして規

制方針を策定してしまい、長寿や健康を脅かす真の公衆衛生面の危険と対決する時間

も資金も残しておかないこと。

　b）ありもしないリスクを回避しようとして、その結果、それに代わる食品、エネ

ルギー、および医薬品の生産方式を受け入れ、かえって大きな健康リスクを招いてし

まう。

　歴史的に見て、技術、産業のもたらす富、それに健康は極めてはっきりした相関性

がある。技術、富および健康はワンセットになっている。根拠のない恐怖から技術を

拒む社会は、将来の健康と生活水準を重大な危険に陥れている。環境や技術面のリス

クを評価し、間接的なリスクや仮想リスクから真のリスクを選別する際には、政治や

感情、レトリックではなく科学が支配しなければならない。
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Tha;tk you very much, ladies and gentlemen, for the opportunity to address this

mo$t distinguished forum.

Today i will explore with you the reasoms why exaggerated fear of the dangers of

moderst technology is, in my opinion, hazardeus to our health and to our pursuit of

a higher standard of living.

Before even I begin my comments, please let me point out what is clearly obvious: I

ara an American, so I can legitimately report to you only on experiences, events,

facts, and myths abeut health in the United States. ButI do hope you will find

mRny, if not all, of my comments relevant to your experiences with consumer

health concerns here in }apan.

We live in an age dominated by a dizzying array of scientifically based technologies.

Our technological know-how allows us to produce a wholesome, abundant, safe,

aRd affordable food supply; life-saving pharmaceuticals; efficient, clean, affordable,

and safe sources of energy; and a staggering variety of consumer products that give

us more leisure and more freedom and that generally make our lives easier.

But instead of rejoicing over the enviable stafidard of living our technological

expertise affords us, many of today's consumers---and many of the people in the

media who report to those consumers-have come to fear these life-enhancing

technologies. They blame pesticides, biotechnology, nuclear energy, trace levels of

environmental chemicals like asbestos-even trace levels ef estrogeRlike

compounds in the environment-for cancer, birth defects, and a whole host of

human illnesses and dysfunctions.
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A growing fear of specific technologies-even though there is no scientijic basis for

that faar-will inevitably lead to rejection of those technologies or cause a severe

form of social and economic disruption aimed at purging allegedly harmful

chemicals from air, water, and food. And, ironically, sometimes that very rejection

will itself cause new health risks to appear. Also, because most public discussions of

health and these alleged environmental threats to our well-being become

emotionally charged, science and reason are frequently missing from the dialogue.

As a result, the risk-to-benefit ratio is obscured.

It is my goal today to encourage a retum of science and reason to our public

evaluations of environmental health issues. It is also my goal to challenge the

popular wisdom that provides the framework for what I call "toxic terror"-a state

of fear of the products of technology. I will begiR by examiniag five basic premises-

premises I will show to be myths-that have caused maRy consumers to suffer from

"toxic terror."

The first premise is that there is an epidemic of cancer today---of cancer caused by

the modern technology introduced in the second half of this century.

The second is that life in a nati.iral state is healthier and better, and that synthetic

and rrtan-made products are inherently hazardous to our health.

The third is that it is always better to be safe them sorry; that is, that the so-called

precautionary principle should dominate our decisions: If there is even a hint ef a

problem, the technology or chemical exposure in question shou}d be eliminated.
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The fourth is that a mouse is a little man: that animal experiments validly and

accurately predict human cancer risk; and that if something causes cancer in the

laboxatory, it should be assumed to cause cancer in humans, no matter how high the

laboratory exposures and how minuscule the human exposures.

The fifth is that if high-dose exposures or Iong-term exposures to a substance are

hazardous, then it must be assumed that exposures de minimis-----trace-level

exposures-to the same substance are also harmful and thus carmot be tolerated.

This myth clearly rejects a basic princip!e of toxicology: the principle that "the dose

makes the poison."

After I have looked at those five myths, I will focus on five specific examples of

"texic terrorism": cases in which consumers' fears about technology-and the

resultant demands for regulatioA--were not grounded in science.

Those five examples will be:

A. DDT, and the concem about it that launched the modern-day environmental

  movement;

B. fears about pesticides, and particularly the fears about a chemical called Alar that

  caused a national panic in the United States in 1989;

C･ asbestos, and how the fear of it actually closed down the largest school system in

  the United States'
                 t
D. nuclear power;

E･ bioengineered food and the efforts made by environmentalists to block its

  advancement and marketing.

O-5-5



I will close by explaining $ome of the causes of toxic terrorism-and proposing a

solution.

Z. The So-Called Cancer Epidemic

The media-and many advocacy groups--would have the American public believe

that the U.S. is in the midst of a cancer "epidemic." These groups perpetuate the

myth that there has been a sudden surge in new cases of cancer and cancer deaths

and that environmental agents are the cause. But a careful review of the facts

indicates that:

e It is rates-and, in particular, age-adjusted rates-f cancer cases, rather than

  simple numbers of cases, that are important in assessing trends. Obviously, there

  are more cancer cases-and deaths-in 1997 than there were in 1900-but the

  U.S. population has more than doubled in that time. And the age distfibubon ef

  the population has shifted over time, as well: Our population today includes

  many more older people. Clearly, given that cancer is a coRditioR more likely to

  '  occur in older people, and other things being equal, the higher the proportioR of

  elderly people in the population, the higher the cancer rate will be. Thus, it is

  necessary to age-adjust data to make comparisons between one era and aRother

  meaningful. Furthermore, given that "cancer" is a name for nany different

  diseases with many different risk factors, we must specify just which type of

  cancer we are momtormg.

ee With a few exceptions--primarily lung cancer and AIDS-related cancers---there

  has been little overall increase over the past 40 years in either the number of neW

  cases of cancer reported or in the Rumber of cancer deaths.
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. The number of deaths caused by many forms of cancer has actually decreased.

  This includes deaths from Hodgkin's disease and from cancers of the cervix,

  uterus, $tomach, rectum, testis, bladder, and thyroid.

e Modern screening methods-mammography and the PSA test for prostate

  cancer, for example--create the appearance of a sudden increase in new cancer

  cases. There is no correspondingly large increase in mortality from these forms of

  cancer.

e Most preventable cancers are related to known lifestyle factors, not to

  environmental chemicals. Among the proven causes of caRcer are tobacco use; a

  diet low in fruit$ and vegetables; alcohol, particularly in coajunctioR with

  tobacco use; and overexposure to sunlight.

e The bottom line is that there is no cancer epidemic, and chemicals in our food

  and our environment do not have a significant impact on overall cancer risk in

  the United States.

2. "Nag"rag" Es Better

AR underlying theme, alrrtost on a philo$ophical or a religious level, in the

environmental literature is that technology is inherently life--threatening; that

chemicals, by definition, are dangerous; and that the health of Americans would be

far better if we lived our lives more "naturally"-free from the deleterious brews

Spewing from the test tubes of irresponsible "alchemists." "Nature" is seen as a

benign force; human power is perceived as evil. Naturalness is equated with

goodness.
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Obviously, this natural･-versus-synthetic dichotomy is both misieading aRd absurd.

Epidemics of disease are natural. So are earthquakes, volcanic eruptions, floods aRd

droughts. So are airbome pollens from a wide variety of allergenic plants. Beyond

that, many natural substances, including some 100-percent natural foods, contain

toxins (otherwise known as poisons) as well as chemicals that cause cancer in

laboratory animals. Each year we at the American Council on Science and Health

publish a dinner menu featuring a typical American holiday meal. We have our

toxicologists analyze every one of the natural foods on that menu-and those

toxicologists fiRd a toxin or an animal carcinogen in every course. Carrots contain

carotatoxin, a fairly potent nerve poison. Radishes contain goitrogens-chemicals

that promote goiter by interfering with the body's use of iodine. Shrimp are a rich

source of several minerals, including arsenic. Pepper and nutmeg contain

myristicin, a powerful hallucinogen.

Furthermore, a whole array of Ratural substances have beeR shown to cause cancer

in animals-and, in some cases, in humans. Safrole, a component of the natural

sassafras piant aRd present in oil of sassafras, causes cancer iA some animals.

Afiatoxin molds-which can grow on a variety of natural sgbstances, including

peanuts, rice, corn, and soybeans-increase the risk of cancer in a wide variety of

laboratory animals. There is also much circumstantial evidence that exposure to

aflatoxins may play a role in human liver cancer. Bracken fern is a powerful cancer-

causing agent. And all of these toxins, all of these animal carcinogens, are part of

nature.

3. You Can't Be Too Safe

Those who foment "toxic terror" and point to the allegedly evil elements of

technology claim that you simply caRrot be too safe. They advocate something
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kRowR as the "precautionary principle." There is no formal or universal definition

of this doctrine, but it is generally taken to mean that environmental and health

policies that deal with known hazards are insufficient; that we need new policies

based on what "might" cause harm---even if there is no scientific evidence that a

hazard exists. The precautionary crowd argues, in effect, "Stop all the technology and

bait everything-ust in case." To hint of possible harm is seductive-and the

precatttionary principle plays well to the crowd. Invoking it places its

eRvifonrnentalist advocates on the side of the public, and portrays its opponents as

indifferent-£ven hostile-to public health and as motivated, perhaps, by some

private interest in protecting a profit-making enterprise.

There are, however, at least two reasons why the precautioRary principle is a

myth----and why it may itself be a hazard:

First, if we act on the "mays" and the "coulds," we will have less tirrte and less

moitey to deal with the real health hazards.

Second, the precautionary principle assumes that no detriment to health results

from a regulation targeting an alleged risk. As we will see from my examples,

however, this is not true-indeed, there are some major health risks associated with

the pursuit of purely hypothetical risks.

4. Mice Are Little Men

In the United States a myriad of federal aRd state laws and regulatioAs assume that a

meuse is a little man. This mouse-to-man extrapolation is a major factor in the

success of "toxic terrorism." I called this, specifically, "mouse teTrorlsm" because it

engenders laws that cause substantial disruption of our nation's economic
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production (including a dimmished food supply) by banning aRy chemical that at

high doses causes cancer in animals.

Clearly, animal tests are essential in biomedical research. But so is some commoR

sense.

First, as I have mentioned, cherrticals that cause cancer in laboratory animals

abound in nature. If environmentalists applied their cancer-mongering techniques

to natural food, we would have to ban that, too. Second, in a laboratory test the high

dose itself may cause an increased risk of cancer by adversely affecting an animal's

metabolism.

The bottorrt line is that mainstream scientists do not accept a siAgle animal cancer

test on one species using one high dose as sufficient reason te label a chemical a

"carcinogen." If, however, a chefrtical causes cancer in many species and at variotts

doses, mainstream scientists will likely recommend that we limit human exposure

to that chemical. This is how the U.S. government acts toward the natural

carcinogen aflatoxin--it sets limits of exposure. But, as you will see from my next

example, the self--appointed toxic terrorists want us to believe that if one rodent

study shows cancer, we should all go into a national panic and banlsh that chemical･

5. The Dese gs Not Relevant

The most basic premise of the science of toxicology is "only the dose makes the

poison." But this premise is regularly ignored by those who promote toxic terror!sM

Instead, they argue that if huge doses of exposure cause health problems, it follows

that there is no point of zero risk-and so we sheuld purge every measurable level

of that substance from our environment. Clearly, this makes Ro sense whatsoever･
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we knew that common table salt can kill you if you ingest enough of it. But we do

Aot reject low-level exposure to salt as a result. Yet, in some cases----cases such as

ngclear energy and asbestos, both of which I will discuss presently-those espeu$ing

toxic terrorism abandon common sense and ignore the reality that the dose makes

the peison.

& th ts

Iwill turn now to my five examples of toxic terrorism.I will tell how each is

hazaxdous to our health-and to our staRdard of living. IR each case you will note

some---or all-of the five basic myths that the extremist environmeRtalists

premote.

A. geDT

Uittil the 1940s some two hundred million people worldwide were stricken

annually with malaria----and at least 2 million died. But by 1946, because of DDT's

remarkable effects on mosquito control and thus on the tran$mission of malaria, it

had become apparent that DDT was one of the most important disease-preventing

agents known to man.

In the words of the British Medical Joumal, DDT was a "miracle (chemical)... that

has been incontrovertibly shown to prevent human illness oR a scale hitherto

achieved by no other public health measure entailing the use of a chemical." The

man who created DDT was awarded the 1948 Nobel Prize.

The anti--DDT campaign had its origins in Rachel Carson's 1962 book Silent Syring.

That book is generally credited (or blamed) with launchiRg the moderR
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environmental movement. Carson's book, which focused on the alleged effects of

pesticides oR wildlife and suggested that they ukimately would be harmfu1 to man,

did not single out DDT. Nevertheless, DDT became the prime target of the growing

antichemical and antipesticide frtovement of the 1960s. Two 1969 studies fouRd that

mice fed DDT developed a higher frequency of leukemia aitd liver tumors. The

major alleged problem with DDT, however, was its effects on wildlife-and

particularly its effect en eggshell thinning in birds.

Scientists came to the defeRse of DDT, fioting that its long history of use suggested

no adverse human heakh effects; and the government scientific advisory panel on

the subject recommended that DDT not be banned. (The evideRce about the effect of

DDT on wildlife, and particularly on eggshell thinning, is contradictory; if there was

a causal connectioR, it could be related to cases of overuse of the substance.)

But in 1971, avoiding all scientific consensus, the head of the Envirortmental

Protection Agency declared, on the basis of animal studies, that DDT was a

"potential human carciRogen"-and banned it for virtually all uses.

In the U.S. the ban on DDT was looked upon as the first major victory for the

environmentalists, but news of the ban was received with less enthusiasm in other

nations. In Ceylon (now Sri Lanka) DDT sprayiRg had helped reduce malaria cases to

a handful; but in 1964, when spraying was stopped, malaria cases again began to rise･

They reached 2.5 million in 1969. Thus, DDT remains a classic case of a seccessful

campaign by toxic terrorists to ban a useful form oftechnology-with a resultant

deterioration of h"man health in some parts of the world.
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ARd DDT refrtains in the news in the 1990s: Given its long half-life, DDT residues

persist in the environment. Recent-and, again, unsubstantiated-charges have

poiRted to it as a cause of present-day breast cancer.

B. ?esgicides a"d Feed Safety

Given the laws in the United States that require the banniRg of syRthetic food

chemicals shown to cause cancer at any dose when fed to laboratory animals, aRd

given the widespread myths about the causes of human cancer, it's not surprising

that some environmental groups in the U.S. are engaged iR an ongoing campaigR

designed to call attention to eveR trace levels of pesticide residues in food if the

pesticide in guestioR has beeR labeled a laboratory-aRimal carcinogen.

A well-･publicized case in point is that of an agricultural growth regulator-called

Alay-used on apples. Over the years, various animal tests had suggested that at

high doses the chemical caused cancer in animals, but the U.S. government did not

appear to consider Alar a hazard. Then, in 1989, an environmental group teamed up

with a major television program aRd a popular movie actress to poiRt accusing

fingers at Alar. Suddenly, headlines were screaming, "Apple Products Pose Cancer

Risks to Children."

SpecMcally this is what happened with Alar, an incident which is now regard

classic scare of the toxic terrorists.

ed as a

An environmental group did a study claiming to show that Alar iRcreased the risk

Of cancer iR children. They did not take this study to a peer reviewed scientific

jOurnal. Instead, the environmeRtal group brought it to Aemrica's #1 rated News

Magazine program, the TV show "60 Minutes". In additien, the eRvironmental
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group hired a public relations firm which contacted radio and television programs

and magazines across America and literally blanked the national with the headline

"apples cause cancer". The media impact was overwhelming. Further, the

eRvironmeRtal group engaged a famous movie star, Meryl Streep, as a spokespersok

--- and after the intitial release of the claims on "60 Minutes", Meryl Streep---an

actress suddeRly turned toxicologist---toured the nation, appeared before the U.S.

Congress and generally terrified Americans about the safety of foods treated with

pesticides.

The impact was dramatic. Immediately after the "60 Miitutes" program, schools

across the nationa discarded all apple juice, apple pies went into dumpsters. There

was a newswire report that a mother in upstate New York heard on the radio that

apples caused cancer. She called the state troopers to have them intercept her child's

school bus-to remove an apple frorrt the child's lunch box. Another woman called

a hotline to ask whether it was safe to peur apple juice down the drainT---er if she

should take itto a texic waste dump. Apple farmers suffered enormous econemic

losse$, and tons of wholesome food products were destroyed. FiRally, as Congress

threatened to ban Alar just to calm the nation down, the manufacturer announced

that it would withdraw Alar from use on food.

But the Alar incident proved to be the high-water mark fer the extreme

environmentalists. Within months of the origigal scare-and principally as a result

of efforts orchestrated by my organization, the American Council on Science and

Health-scientists and physicians from around the world stepped forward to state

the truth: The regulated, approved use of Alar had never posed a threat to the

health of childreA or ad=ks. The toxic terrorist movement was sorely damaged by

scientists' rejection of their hyperbole. Indeed, even after eight years, anyone
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prometing "toxic terror" over pesticides is stM hit with one inevitable question by

xeporiefs: "Is this another Alar?" The very word "Alar" ha$ become synonymous

with the word "hoax."

The environmentalist assault on pesticides is a clear example of the sort of actions

their premoters tout as "pro public heaith" while in truth they are

co"nterproductive to public heaith. Agricultural chemicals-chemicals like Aiar----

assure the existence of a safe, plentiful, inexpensive supply of fruits and vegetables.

Epidemiologists now agree that a diet high in fruits and vegetables offers protection

against a number of forms of cancer. Thus, efforts whose net result is to reduce the

sgpply of produce through restrictions on pesticides are themselves nothing short of

hea}th hazards.

C. Asbesges

The case of asbestos-another leng-time target of toxic terrorists-is another

example based on the myth that dose is not important when assessing risk.

Epidemiological evidence shows clearly that occupational exposikre to asbestos, over

many years, at high levels, increases workers' risk of lung cancer and other

diseases-particularly if the worker also smokes. This was particularly and tragically

true in the first decade of this century, when the risks of asbestos were not well

known. ]Risks of disease were increased at levels of 50 to 100 fibers of asbestos per

cRbic centimeter of air. Lower levels were not found to be hazardous.

Yet, when asbestos was "found" in New York City public schools in 1993, no orie

fOcused on the dose----the level of asbestos present. The headlines just howled

"cancer"-and in the grip of asbestos--induced texic terrorism, the City of New York

Closed all its public schools for weeks. The levels of asbestos "found" in the scheols
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were about O.OO05 fibers per cubic centimeter of air-10,OOO to 100,OOO tifrtes less thall

the amount known to cause disease. Again, remember, as the toxicological premise

states: "Oniy the dose makes the poison." Just because something poses a health risk

at a very high exposure Ievels does not mean that minuscule levels also carry risk.

D. Rkdiatign and Nucleay Powef

The case of radiation and nuclear power also provides an example of dose beiRg

largely igRored iR rash statements about the health hazards of nuclear power plants,

Indeed, the fear of nuclear power plants is the preeminent case of Americans, aRd

perhaps Japanese, believing the this major technology is inherently hazardous and

will raake the world less safe. By far the most visible aRd familiar obstacles to the

expansion of nuclear electric-power generatioA arise from pttblic concerns and

misuAderstandiRgs, both about the impact of nuclear power on the enviroRment

and the risk it poses to public health and safety.

Why are nuclear power and nuclear radiation of such great concern to so many

Americans? Nuclear power plants in the U.S. have a record of safety excellence

dating back to 1957, when the first commercial nuclear plant began operating. Yet, in

spite of this record, doubts remain.

The risks of radiation exposure, at least at high doses, are well understood in the

scientific community. These risks are known with nrtore certainty than are the risks

of any other environmental pollutant. It is only at very low doses, such as those

received from nuclear power plants (or from natural background radiation), that

there is uncertainty about how small the effects are.
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The average American's total radiation exposure is largely due to natural sources or

to raedical procedures that lead to increased hea!th and prolonged life. The average

Amerlcan's radiation exposure due to nuclear power is negligible compared to

exposgres from other sources---even when you consider the expected outcome of a

serio"s reactor accident.

In considering the health effects of radiation emitted by nuclear power plants, it is

exceedingly important to be quantitative and to view the risks in perspective, along

wiih the other risks we accept. The health risks from nuclear pewer are highly

pgblicized in the rrtedia; as a result, they have generated fear iR the public. But these

risks are inconsequential wheR compared to everyday risk$, includiRg driving and

flying. The radiation doses received from nuclear plants may, iR fact, be lower than

the doses associated with such "nonnuclear" activities as smoking, fiying, or

burning coal for power geReration.

Accidents at nuclear power plants in Western countries have been extremely rare.

When they have occurred, they have not produced serious iajuries, either to plant

personnel or to the public. The accident at Three Mile IslaRd did not give erise to any

serlous exposures.

Although the Chernobyl accideRt did, indeed, have tragic consequeAces, the reactor

at that plant differed radically from WesterR reactors and was operated uRder

Procedures the Russian governmeRt now concedes were inadequate.

I am not in an informed-enough conditioR to commeRt on the March 1997

radiatiort leak and fire at a lapanese nuclear fuel processing plant. ButI understand

from media accouRts that workers were exposed to very small amounts of radiatioR.
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Surely, however, this will cau$e serious consumer concern and make the job of

defending the safety of nuclear power more difficult.

E. Bioteehnolegy

Biotechnology as applied to foods offers enormous potential for our future.

Biotechnology can be used in every aspect of the food-production system, from the

farmer's field to the greengrocer's shelves. Fruits and vegetables can be picked and

delivered at the peak of flavor and ripeness. Cooking oils can be produced from

plants with lower saturated-fat content. French fries might be made from potatoes

with enhanged starch content-potatoes that would absorb less fat during frying.

Think of leaner meats from impreved pigs aRd cattle. Think of new plant varieties

biologically protected against insects and disease. Think of crops engineered to resist

the deleterious effects of freezing. This is called progress!

But despite the fact that research organizatiorts and regulatory authorities arouRd

the world have deemed the feod products of biotechnology to be healthy and safe,

the field of biotechRology has become the new turf for those toxic terrorists who

want to put a stop to progress. Indeed,just two weeks from now, environmentalists

around the world will stage simultaneous "grain dumps" and hold press

conferences aimed at stopping the marketing of genetically engiAeered foods.

Biotechnology is revolutionizing agriculture-and the extreme environmeRtalists

want to stop it. And what weapons de they wield against the sound science on

which biotechnology is based? Once agaiR, hyperbole about risk-and mass-

marketed fear.

te te th
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whkg gs gke Cause of Teckxxophobia-and What gs tke Solution?

sut why de the toxic terrorists succeed in scaring the public about the products of

teclmolegy, when science documents technology's safe use? This is a complex

questien, and I will offer you just a few answers to contemplate:

e ffealth, the environmeRt and food safety are highly emotional issues; even

  "sually rational consumers can become emotionally distraught when they hear

  claims that, for example, "apples cause cancer in children."

e Consumers prefer to blame outside sources, rather than themselves, for their ill

  health. Psychiatrists tell us that humans have long postglated the existence of

  invisible, hostile agents on which to blame il}ness or tragedy. Invisible food

  additives, environmental chemicals, and pesticides are perfect targets for this

  "projection of blame"-and having them available as scapegoats reduces an

  individual's need to be introspective about the personal lifestyle factors that

  might contribute, for example, to that individual's iRcreased risk of caRcer.

e The media supply stories about health and the eRvironment to consumers-agd

  ihe media appear to prefer bad news to good. Indeed, it might be said that bad

  news is news. We can hardly imagine a banner headline yeading "Good News!

  Apples Do Not Cause Cancer i" Children."

e The people making unsubstaRtiated health charges agaiAst technology often

  have hidden agendas. Frequently, those who purport to be protecting the public's

  health may actually be advancing other goals. Peeple who object to using

  biotechnology to increase the milk supply, for example, may be animal-rights

  activists who object to the coRsumption of foods of aRimal origiA. Those
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attacking "big business" for causing a "cancer epidemic"-an epidemic that

doesn't exist-may be acting out of a deep-seated, blanket coRtempt for the free.

eRterprise system in general and profit-making institutions in particular. And, of

course, those people who seek to terrify us about one particular type of

technology may in fact be attempting to market and profit from a competing

technology.

@ And we must not forget that the manufacturer of the leading cause of

  preventable death in the United States-the tobacco industry-is also the second

  largest advertiser in the country. Only the auto industry advertises more. The

  cigarette industry spends $6 billion dollars annually in print media and on other

  promotions. Those dollars have long bought them silence in the media-silence

  about the health effects of smoking. If you look at the demographics, the same

  publications that carry cigarette ads generally are perfectly suited for stories that

  discuss the hypothetical causes of cancer. And, yes, they do run the articles-but

  they omit any reference to cigarettes as the number-one preventable cause of

  cancer.

The Solution?

So what is the solution to the distortion of scientific facts and the hyperbole about

health risk that we see emanating from both the environmental carnp and the

media?

There can be but one solution: Encourage scientists to speak out-to correct the

inisinjbrmation and to state the .facts in a consumer-;friendly manner. Clearly, the

scientific community succeeded in this effort duriRg the great Alar travesty of 1989･

The scientists spoke, the con$umers listened-aRd the toxic terrorists retreated.
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I formed the American Council on Science and Health some 20 years ago to identify

critical public health issues and energize American scientists to speak out on those

issues-to target "junk science" whenever and wherever it is presented. Scientists

who remain mute-whe sit silently in their classrooms and laboratories while the

science to which they have dedicated their lives is wildly distorted in public and in

the press; who hold their opinions to themselves while unscientific laws are being

passed; who stand aloof while useful and life-enhancing technologies are beiRg

rejected or banned-these scientists are failing in their professional responsibilities:

failiRg their country, failing the world-and failing future generations.

Only scientists can rightfully defend science. It is time for scientists to accept this

role. It is incumbegt on the scientific community worldwide to provide

leadership-to show the general, consumiRg public how to understand and quantify

the spectrum of risks they hear about daily and to emphasize to the public that there

are very real health risks associated with the mindless pursuit of phantorn risks that

have no basis in scientific reality.

And what are these real risks?

They include:

(a) the risk of creating health and environmental regulatory policies based on

inverted health priorities-priorities that focus on tiny or hypothetical risks and

that leave no time or resources to confront the real public health daRgers that

threatert long life aRd good health;
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fo) the risk thaL while rejecting the hypothetical risks, we may end up embracing

alternative approaches to food, energy, and pharmaceutical production that in

themselves carry even greater health risks.

Historically, technology, iRdustrial wealth, and health are highly positively

correlated. To put that in layman's terrrts, technology, wealth and health go togethex,

A society that rejects technology out of urtfounded fear is putting its future health---

and its standard of living-in grave danger. In assessing technological risks, and in

sorting out the real risks from the remote or hypothetical ones, science-not

politics, not emotion, and not rhetoric-must dominate.

Thank you.

I-5- 22



霞本原子力産業会臨　午餐会スピーチ 〔要冒〕

麟繍麟灘欝灘蘇織鐙欝縫繊繋懸醗融羅露「東と西の融合」灘醗灘灘囎麟蟹醗鎌灘懸簸講醗馨

　　　　　　　　　　　　　　　　　　　　　　　　　　　　4／8　（水）　1：20～ユ：50

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（30分　岡時通駅）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　於二東京團瞭フ鷲一・ラム

〔前置曹〕文化勲章を曼章して

　　・ファッション（洋膿）は、西洋の畏い歴史の中でつくられて港たもの。

　・その西洋のスタイルをライフワークとして、人々に助げら可罰0年走り続けてきた。

　・日本でファッションがやっと「生活文化」として富められたことを、大変うれしく

　　愚う。しかし、これは年をとらないといただけないものなのでは。

L　私の歩んだ道：　（日本人、日本の女として）

　　・パりのシャネルの店での体験

　　　　　、861年、初めて二仏したと逡、シャネル店でシャネルスーツをつくったエ

　　　　　ピソード。　「あなたの黒い盤には、太隠の色が似合う」とオレンジ色をすすめ

　　　　　られて困った。日叢では控えめが温品とされるが、向こうでは偲強を冒立たせ

　　　　　ることが大切だという文化の違いを認職した。

　　・初めての海外のシ黛一で嚢現したβ本

　　　　　1965年、ニュー二一クでシ闘一の成功．

　　　　　駕AST　MEETS　WEST一一r察と函の出会い」と絶贅を愛け庶。

　　　　　「目立つ」こと、違いを強調するため、「違い」とは何かを輿剣に考えた．

　　　　　それは、自分のルーツ、アイデンティティの礪立である。

　　・1977年、藁洋人として初めて閉麟的なパリ・オートクチュール親倉に加入。

　　・私の蝶は日本の鱗

　　　　　今では、蝶は私のシンボルマークのように世界で言あれる．

　　　　　初めて訪劇，彪麗Yで観たオペラ「マ蟹ム・バタフライ」では、蝶々痴人は翼れ

　　　　　な日本の女として褻現されていた。そ凱以来、　「私はこの直々夫人のイメージ

　　　　　；を絶；鱒に変えてみせる」と心に決めた。

　　　　　1985年、ミラノ・スカラ塵でヂマ夢ム・バタフライ」のコスチューム担当．

　　　　　私の鑛への思い瀞やっとふつ曹飢獲。
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a　ツァッションについて

・ファッシ鰹ンは時代の風

　　　プァッションはかつては入間同士が誘感し含う動物的なものだったが、時代と

　　　ともに洗練されて、人聞はどう生壷るべきかの堤案Aと発展して童把。しかし

　　今、おヘソを出したりするなど、再び“蒋る釣というよ鱗桃発するムードが強

　　編されるようになった。世紀末のせいかもし机ない。

・ファッションは團境のない仕事

　　ファッションは早くから国境のない仕事だが、最近はインターネットなどの

　　路逮で、ますます地球が狭くなった。

・手仕事の大切さとコンピュ鴇ター

　　　コンビ村田ターが普及し、私のスタジオにも入って便剃になった。やがてコン

　　　ピューターが人間の仕事を奪い、ライフスタイルも変わるだろう。

　　　しかし、手の仕事は大事．日本の文化は職人文化、伝続をふまえて曼け急いで

　　きた世界。手づくりにはしみじみした趣営、深みがある。

　　これからも人間の手を退化させないように。

a　人聾と科学の共存、バランスこそキーポイント

・21慢紀は科学の世紀。人間の生毯ざまと科攣のバランスが問われる時代

　　　20世紀、入間は物の追求をし、自然や環境を破壌してきたため、石抽の埋蔵

　　量も先が見えてきた。天然ガスにも限嚇がある。その反省を2↓世麗に生かす．

・これからは地球規撰で、地潔人として馨らすことが大切

。東と西の「出会い」から「融合」ヘ

　　ファッションは世界の共通踏。フランスで受けたものは、ロシアでもアラブで

　　もアジアでもどこでも曼ける。

　　孚づくりの：文化を大切に、フ7・ッションという創造を通して、　「藁と西の融合」

　　をテーマに地球環境へのやさしさを褒現していきたいと願っている．

　　ファッションは平和な時代の申でしか生まれない。戦争申は灰色とカーキー色

　　の世界。日本は今ではそれほど自慢で曽ることもないけ飢ど、どこへも武器を

　　兇っていないことを誇りに思う。平癩な社会を纂いていきたい。
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    Nuclear Power Today and Tomorrew

              Victor Mikhailov
Minister ofthe Russian Federation on Atomic Energy

O-7-1



g$aeegqgrtpex Mg$tege ekeefiffgg'eanE

Deeege Lgedigg$ agect G$eegfiegfigthg@fig

yourRFui kSg'lYahOc2iPeeahgZi8$9'oMni"maJ"pMergo'n"aYZS6fia?8iig?tAi$8Scg:dgrgft98igii;',X'･･･l

2n.i,hjhs gl2rW'gfi ue6Wes .' ,ZO{,tg,.rn,e,stjsg,,erS,hR,:grVV7]f,Zh8,8,CgiMh'te8,OAge6'l

about it, which i have the plea$ure to join to.iwould like to stres$ that thgl

very idea of uniting the efforts of scientists and $pecialists eWapan and efl

a number of countrie$, advanced from the viewpoint of economiel/
$cientific and technological development, for resoMng complicatea'

problems in the area of peaceful utilisation of atomic energy, which has

served as the basi$ for the establi$hment of the Forum, has fully justifieG

itself. The role of the Forurn in this rnatter is evictent.

    In April, fi 996 there was Nuclear Safety and Security Summit held iR

Moscow. The Declaration adopted by the Sumrnit $ays:

     e.we are committed to measures vvhich will enable nuclear power,

already a significant contributor to electricity $upply in tho$e countries

choosing to exploit it, to continue in the next century to play an important

role in meeting future world energy demandL.. 6

    iwould like to shortly di$cuss this very important problem of great

international significance.

    Mastering in utilisation of nuclear energy for peaceful purpo$es i$

one of the rnost important direction$ of our work. Not long time age

nuclear power industry of Rus$ia has celebrated its 40- th anniversary: on

June 27, 1954 the first in the world nuclear power unit was commis$ioned

in the USSR in the city of Obninsk. Anct pre$ently 17% of all world

electricity is already produced by NPP$ which are totally over 400 ifi

number. !n sorne developed countries the share of NPP$ in electricity

production is 50 to 80%. In my country thi$ share is 12% forthe country i#

general, while for the European part of the country it constitutes some

30% already. As far as operational safety is concerned, Ru$sian NPP$

(including Beloyarskaya NPP with BN-600 fast neutrons reactor) are

arnong the world best, being third after NPPs ofJapan and Gerrnany bya
small margin, and berterthan the NPPs of France, USA Great Britain and

other countries.

    These fourty years of development were not a pure succes$･
Chernobyl di$a$ter and the crise$, which has followed it, have becomea

serious test for many of our contemporaries anct the very idea of utilisiBg

nuciear energy. The opponent$ of utili$ing nuclear energy have becopte

much more active and, as it has already been happening during similaf

historical transition epochs, there are inquisitors of the new $cience eveB

in the 20- th century.

                      0-7-2



    But it i$ irnpos$ible to brifig the development of $cience anct
tecft'}Bology to a hault!

    The improvernent of the nuclear $afety of Ru$sian nuclear fa¢ilities
gee$ on. 1996 alone has witne$$ed the sxpenctitures of 350 mln. US$ for

re$earch, developrnental aRct technoiogical work$ airned at irnproving

NpP$ $atety. Pre$ently we can a$$ure that another Chemobyl ctisa$ter i$

geractically excluctect.

    AIongside with improving NPge$ eperational $afety a great cteal of

akention i$ being paict to the new generation ef reactor$.

    Both Ru$$ian and foreign stucties dernonstrate that the utili$ation of

alternative power source$ is po$sible to a limitect extent only. One shoulct

al$e take into con$icteration the ctanger of green-house effect and of

ezone layer destruction ctue to the exhau$t of fo$sil fuel combustion

prectucts.

    All the above rrientioned rneans, that the hurnankinct cannet
manage without nuclear power re$ource$. Ths subjects of cti$cus$ion$

are the scale and rate of ctevelopment and profitability of nuclear power

with the proper consideration for it$ safety.

    iAEA a$sessments of July, 1996 prectict the growth of installect
capacities of NPPs in the vvorld by 20a5 frorn 8.6% ,i.e. up to 374 GW (the

iDwest estimate) to 56% , i.e. 537 GW (the highe$t e$tirnate).
Sirnultaneeusly it i$ expectect that by the $arne ctate NPP in$talled

capacjties will decrsase jn We$tern Europe and North Amerjca, while the

growth i$ expected in the countries of the Micidle Ea$t, $outhern A$ia anct

especially in the Far Ea$t, i.e. in Japan, China, Republic of Korea and

other countrie$ of the Asian- Pacific region.

    By the as$essment oi a number of experts, in case the growth of

NPP capacitie$ in the worlct up to the year of 2or5 will go on in

a¢cordance with the averaged e$timate, then aker 2015...2020 thi$
grewth will accelerate con$icterably, becau$e by that tirne NPP$ with

ultimate safety will be implernentect, the problem$ of ractwa$te di$pe$al

will be practically re$olved and the future of thethermonu¢iear pewer will
become clear.

    Minatorn policy takes the$e trenct$ iRto con$icteration.
Simultaneously g would like to $tre$s thait Ru$$ian $cienti$t$ and
engineers are ready to create NPP$ with ultimate satety. Even in the

middle ef the 70-ies Sovlet nuclear power $cience have $tartee active

development of NPP$ with dnherenit danct @a$$ive dsafety andrhe idea of

establi$hing nuclear thermal plant$, to be $ituated clo$e to large citie$ and

thu$ obliged to have high $afety levei, was put forwarct. Thw$e idea$ were

implemented in the cte$ign of nuclear thermai plant$, which vvere built,

thus pwhing Ru$$ian nuclear engineering $cience $5- 20 year$ aheact of

the world level.
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    The$e devejopmemts were incorporated at a conternp
technological level into the priority project$ cf NPP$ with water- co

water- moderatect reactors with 640 anct 1000 MW (el.) capacity,

ctevelopment ef $uch NPP$ provides the opportunity to
80.M,.M,i$ii8,igi:g.8g,P.O,,rv,9r,gn,'il.S,$:.9e8ft,e,r.2,,Og.O,a,n,,d,,t,h,,eXb?ft,e,e,a,ct,ef,in,it$'

    it i$ appropriate to rnention the chemge$ in the putolic acceptance aj

nuclear power in Russia, which i$ $low anct gradual. A number of regie"$

have cho$en NgeF con$truction a$ the.eption of power capacitiee
develepment. it should be noted that any power $ource is as$ociated wits'

definite risk$ and has its specific actvantage$ and disadvantages.

    1"he pteveloprnent of NPP$ and nuclear therrnal plants of newi
generation i$ ba$ed on their natural $afety, which eliminates uncontrollsG'

chain reaction, anct on clo$ed fuel cycle incorporating $afe $y$tem fgy'

radwa$te rnanagernent. Pre$ently the project$ of NPP$ of both high awi

low capacity with inherent $afety and isolation of fission product$ - iR･

case of any incident - in$ide the reactor ve$$el are developed. Thesg

projects have succes$fuliy pas$ect the most detailed internationaj

rev1ew$.
    Presently a nuclear reactor in not only a thermal and electricat

energy source, but it al$o provide$ the po$sibility for regeneration cf

nuclear aRct therrnonuclear fuel, synthesis of artificial element$,

modification of materials to render new properties to them and for
production of radioi$otopes for medicine.

    The implementation of nuclear power development in Russia i$
directly associated with stabilising of the national economy. However, the

stability of nuclear power complex i$ an important cornponent of national

economy $tability, Every year Russian NPPs increa$e the production cf

electricity - 1996 has witne$$ed 1O% growth in compari$on with t995,

    Russian export of Iow- enrichect uranium and NPP fuel resulting

from high-enrichment weapon-origin uranium dispo$al, as it iS
implemented in Russia- US Agreernent oM993, i$ an additional sourCe
forfunding nuclear povver developrnent and irnproving its safety level. The

long-terrn $upply of Rus$ian power- grade uranium manufactured frOM

weapon$- grade material in mutually agreed quantities may beceme a
real contribution to nuclear ctisarmament a$ well as an economicallY

expectient option for the nuclear power program of Japan.
    Ru$$ia is the first country in the worlct to adopt the $trategy Of

turning megatons of TNT equivalent into rnegawatt$ ef electricity - thi$ i$

the real way to Ruclear ctisarrnament!

    gn thi$ context g would also Iike to rnention about Russiafi
technologies of mining of preciou$ metal$ anct stenes by means Of
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underground leaching anct boring out, which are very promising for the

w#rki market, but face with great difficultie$ ift entering it,

    Fa$t neutron reactor$, nuclear transport propultion unit$, low-

capacity nuciear power units, ctesalination of $ea water - the$e are the

ctire¢tions for co- operation, aren lathey?

    Today in the uranium preduct$ exports we already have high actded

value ctue to the utili$ation of modern technologies. Still,lthink that there

are high potential benefit$ to be gainect from NPP eiectricity export$.

    We have no doubts that Russia is capable of tackling its technical

and economic problem$ itself. However together with the initernational

community this can be done rnuch faster and rnore effectively. it i$

ab$olutely evident that utili$ation of economic and ecological actvantage$

of nuclear energy requires a close international cooperation, including the

world market and mutual support of national program$.

    It is also important to ernphasise that new advanced long-term

projects should be undertaken jointly by different countries since $uch

project$ require large financial and intellectual re$ources and that i$

burden$ome just for one country. An exarnple of this is the joint
dgvelopment of the international thermonuclear energy reactor (ITER)

with the participation of Japan, USA, European Community and Russia.

    The development of heliurn-cooleci high-temperature reactors a$
well as ourjoint works in the area of development of granulated nuclear

fuel, including MOX-fuel, as well as nuclear povver radwaste dry
treatment - all these works demonstrate that in the area of nuclear power

we have really come to the principles of team work.

    The XXI-st century nuclear power $hould be based on the
combined efforts of the industrially developed state$ with due
con$ideration of the intere$ts of developing countrie$ in our vvorld.

    The issue of suppiying nuclear fuel as well a$ rendering service$ in

spent fuel di$posal to all countries which have already uncterstood the

advantage$ of nuclear power i$ in the agenda of the ctay. Ru$$ia also

welcomes such non-tractitional approache$ a$ nuclear power by it$elf
ct6mand$ it.

    To my mind this area ofjoint scientific and commercial coeperation

has no limits.

     In thi$ presentatioR I $hould al$o point out te the exi$ting
possibilities of the expan$ien of mutually beneficial cooperation between

the organizations of the RF Minatom and Japan, Significant po$itiv6

experience has already been accumulated in thi$ area. A$ an 6xarnple

one could cite the construction of the full- $cale simulator for the reactor

WER-1000 in Novovoronezh and also another big joint NPP $afety
enhancement project which includes the developrnent of the leak-
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tightne$s eontrei microphone $y$terrt for the Lgniftgract NPP-i u$i"･ca

high-temperature re$i$tant microphongs cteveleped in Japan. wg
appreciate the effort$ gf the Japane$e sicte ctirected tovvarcts our mutqaj･

?hS,P,j5"i･l9･R,$ 8S,meXgC,ge.ai,98wa' ,B.Oi¥hi,,flli98,g, k,e,gfa,t?,She opi"ion theq

    This year wg celebrate 20- th anniver$ary of $igning the Agreemenj

with JAiF. A gooct ba$i$ for the ceoperation between our countries is thg

$imilarity ef $cientMc and technological tendencie$ in the development es

nuclear power beth in "apan and Ru$$ia. Japane$e expon$ constantl¥
ctemonstrate their intere$t in the more complete utili$atien of the enerby

                               , re$elving at the $ame time thg                        materials             nuclear fi$silepotential of the

issue of the di$po$al of long- livect tran$uranium element$, and $uppeR

the re$earch in the fielct gf fa$it neutron reactor$ together with thg

promotion of new generation$ ef tractltlcnal light- water reactors, including

the utilisation of $uch reactor$ forthe ctispo$al of weapon- origin Pu.

    !n the field of $cientific anct technological cooperation vvith respect tc

the joint development of promi$ing $cientMc project$ we welcome thg

decision of the Japane$e $ide to join the developrnent of the HTGR
reactor with the direct ga$ cycle - the project alreacty being jointly carriect

sx&bg.liil,yz$ntieJgn,sg,aBgy,gAd,chig'$.p, kogeixts'lsi s,igp,6y,,ra,te.d .i･so,,m,siif,eg,

dispo$al of weapon- origin nuclear material$.

     apropo$e to continue anct develop Ru$$iem-Japane$e cooperatien

in the field of fa$t neutron reactor$. Minatom of Ru$$ia makes the
proposal to take part in the construction of the BN-800 reactor in the

vicinity of Beloyar$kaya NPP iB the Ural$. -rhi$ woulct constitute a new

phase of the $cientMc, technological anct commercial cooperatioR
providing the Japanese expert$ with the most recent ctata en the Ru$siafil

fast- neutron reactor technologie$ and possible cornmercial use of thel

generatGd electric powerin the industry of the Ural$ area.
    We have a wicie choice of project$ that are pro$pective from botkI

scientMc anct econorni¢ point$ of vievv. Let g co-- operate!

    We knovv a Iot about the econornic twonder6of Japan, Frances
Germany and $outh Korea that took gelace aher the wwlg. As a matter ef

fact that wa$ conctitioned by commercial application of nuclear powerift

the$e countries and e><ten$ive construction of nuclear power plants on the

basis of wide- $cale co- operation.

     Xaving $ignect the Cornprehen$ive Nuclear Te$t Ban Treaty
(CTBT), Ru$sia ha$ ctemon$trated its will to use the atomic energy fef

exclu$ively peacefuI purpo$e$. in fi996 the SevieS nuclear weapOR$
withdrawalfrornthecountrie$ofCommoftwealth (Ci$)toRus$iafef
di$mantling was completed.

O-7-6



    One of the rnain a$pect$ of the Ras$$ian weapon$ indu$try activities

i$ the cti$po$al of nuclear warheact$ under the Nuclear Weapons
Reduction Prograrnrne. Tocay the volurne of these operations exceects

$jgnifjcantly that of the nuclear warheact$ serial production, and presently

our nuclear arcenal$ are cut by half.

    iwgulct like to $ay few words about the conver$ion cf enterpri$es

withift Minatorn cogni$ance. in 1996 the conver$ion took place at 60

indmstrial eniterpri$es and at more than 30 re$earch organisations within

the branch. We are sure that Rus$ia i$ not- alone in its interest te $witch

the$e enterprises and their personnel to the civil sector. Unluckily, the

inve$tment$ are in$ufficient. $ignificant contribution to funding of

eonversion proce$s belongs to the lnternational Scientific and
Technological Center co-founded by the VSA EC, Japan anct Rus$ia.

E$tabli$hing, within the ¢enver$ion frarnework, of joint- $tock enterpri$es
with the involvement of foreign inve$tmenits, including the japane$e one$,

$hall be mutually beneficial anct shall contribute to peaceful process and

further bringing togetherthe Ration$.

    We leok at the extensive econornic developrrient in Asian- PacMc
region, vvhich is our neighbour, with grewing intere$t. It i$ obvious that, in

XXi- st century this momentum will be pa$$ed to the countries of this very

region, which already show an increasing iniere$t in this process

nowactay$.

    avvould like to declare that we are ready to the wide$t international

cc- operation with the countries all over the world - both with developed

anct developing, with neighbouriRg anct cti$tant ones. But we ar6 $trongly

again$t any discrimination, double $tandard$ and twofold approache$ to

co- operation i$sues a$ well a$ againSt re$olving conflict$ by force.

    The gift presented to u$ by our Green Planet - the fo$sil fuel - $hall

not be burned in stoves, but $aved for eur ance$ter$ to be u$ed mere
effectively and efficiently. We must do our be$t to prevent the $ati$faction

of our energy need$ at the cost of the capabilities of the future
generations to deveiop. The developmgnt of Ruclear povver in all
countrie$, as the basis for $cientific and technoiogical progress, w"l help

the future generation$ to gain a new vi$ion of peaceful co- operatien, to

Iive in the vvorld without regional conflict$.

Minj$t$r of Atemic

Energy of the Ru$$iaft

Federation

v.MiKHAiLov
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    Eemergy Progwafftsit

        igg Dgmptame

     Vmagce Pwesgdent

eeeckfi@eeaE Nasctempge C@ifpasraftg@wa

       Apme, figg7

Mif. Chairmem, Lescke$･ and Gentlem@n,

gt i$ g'riy pgerk$ure fro havs the epporkuniiy te gearticipate tw

ekg 30th Annual Contersnce of Jgpait Atgmlc IRctu$trial

Fcragrn. Plea$e aliew rrie, on behalf ttf Ckima Natiemae

ee¥cge&T CGrperatien eg e><tenci my heawtelt felicitatioee on

eine #gnvewtiost.

ee*w, l would gike to take the chemce gg introdece the

ceerr$wt statws gnci pr"$pecfr ef Ckinft'$ nuciear eRergy
geifagrartrig, rg"gaifigy fiuclear pawer and necleatfuel imiu$tg-y,

g, Currewt $tatus cf China'$ Nuceeacr Power Pregram

gft ahi$ wewlci, China i$ ghe ft&aieft witk fa$t econorysic

grewth aend increasing cSememct for p#wer $mpply. Chima

tse*icte$ to comifiwe the n"clear power deve!opm@Rt in

cog$tal gerovince$ iit crder to ea$e tkg temsigft of pgwer

smpply in that regicn, The year #ff996 is regarctee gsthe

erucial yekr of $tart tg ctsigfela#)twe#t fog China's ft"ciear

pawer pregrftrn, The cou$tructlgn ef 4 nucgeex power
ger*jec"$ piann$ct forkhe Nirkh Five-Yifer Pkn perigect, l.e.
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1996 to 2000, wa$ been ige tugl $wing. A ftew Ruclekr
iRctu$triesI $y$teept with enescieffr power k$ the leackitg effort

ha$ corifge intD beiitg. Chiwa'$ nucieger power imstaiiect

Gecpacity i$ @$tig""atect to xeach 20,OOOMW ioy the yeaf of

2ol a.

Qimshak NPP and Daytt Bay NPP rrEaintain skfe acnd
$teaby eperation. gn 1996, the fosmer ha$ a lead fgctor ef

84.79f6; the iatter kas a aoad factor ef 70.1% due tc the

iocal gnd ctewtandi for electricity. The rnonitgring r&$ults ef

the twg Ngeg}$ $how that thefe i$ Ro negative effect on

environmaent.

Dvring the Ninth Five-Year P{an Period from 1996 ao

2000, ¢hlna gelgss te $tkrt the coRstructien of 4 rtuciear
poweif preject$. The 8 units eos'ne to the toeal installed

cgpgcity "f 69QO MW.

For Qinshan gE NPP witin indepanctently-de$igRed 2x600
MW PWR unit$, Jane of 1996 suw the fir$t concrete pour
eo $tart the fulg--seuele coen$Sr"cfioit. It wiii tse eog"g"ipletect by

the yeftr of 20e3,

Ling'ae NPP in Guemgdgng ls importee 2xaOOO MW units.
The excavgtion werk for the pteclear i$laRd ha$ been
$tartedi. The fir$it concrete pour is $checiulerk for Mffy 1997.

1-he projg¢t i$ sxpected to be cowtpieted in 2003.

Qin$hem Pha$e lll NPP of 2x700MW CANDVet6 PHWR
unit$ is inkfoctuced frorg"g Cgnaca. The corygrg'gercial

cDnareect has been $ignea by k)gth partie$ and wgs
fgrmaiay ftpprovect kry {h@ gOvernmenes atf Chifta enct

Canactrk. We expect the prgjwct te be $tartect in Jufte,

199g and the cgmpietion in 2003,
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Lg#fiwngang NPP in Jiemg$u F3roviAce i$ a $inoRu$$ian

neclgftr eneygy cogperative prgject. 2 PWR unit$ of

WER-1000 iry}provect iype-91 are wtroctuced from
Rg$$ia. The coR$iruction of thi$ project i$ planned to be

gk$rtgct by the end of lg98, The str$t unit is to be
c#rtreageggeedi ige 2004.

chsma'$ nuclegr power progress ha$ triggered the
de¥egopgment of re$garch geRcS cte$ig", nuclear fuel
as$effyitogy tabrication aRct other relateci indusirie$. Nucleex

lmctas{ff'y peays ft growing role in tke nationai econorny.

Ii. Basic PDIicy, Cuxrent $ketu$ anct Prospect of China'$

N uc]ear Fuel in ct ustry

1. Ba$ic Peiicy

Wieh khe coR$ideratioR of the domestic condition and
rgajity gf nuelear indw$*yy, foliowieng principles apply to

Ckiwai$ rwciear fuel deveioprrEent: combinatioft of
ffp$wtng-agp aRct ctome$tic orieRtaiion ef fuel $upply;

pancipie ef peecefuE use of nucleartechneiogy for nuclear

pawer pifegiarfi to set up brand-Rew modernizect nuclear

gee1 indu$trial $ysfewt te match with "ueleer power
develepment; adoption of nuclear fuel cycie $trategy of

repreces$ing spent fuel of power reactor; atoiding by the

$fiate reguiatiore en ruckation protectien emct environmental

geretection to elt$ure the $afeky of nuclekr lacitiitie$ and

eer$gnnel.

Pelicy emd technical guideI}ne are R$ fDliow$;

 ･ tg rely gn the ctomestic nesclgecr fuel re$eewce afict to

ggeereg$e the ssuciency of the re$gurce;
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･ to gereg'g'igts ien sitg ieachiitg aitct heecge Ieachisug

technelogy appiieatipn for uremium mining and metailurgy;

 - to $hifi frorre ctiffu$ioen agchniqwe to cefttfifugai teehnique

for urgegeiutn snrichynent prectucYioth;

 - tg imerQduee intemationgl new iteehno!ogy fer fuel

ec$$err}tsly fatoricatien to s"pply intematiogeal-leyeel qgftgity

fueg a$$eentoQies; rpeRntiwttw, to vigoereu$ly develep new

type$ of Ruclear ffueg eieg"if"geRt with ignpreving tgchnical

featyre artd ciecreft$iRg fatorication cgsk;

 - to ecctopt cle$s nucEeger fuei cycle for spent fuel

reproce$$engI

 - {e mienirrEize the rad wa$te ouaput; tc $peed up the

$olictificatien aRct di$po$ft1 of f"riediifm ftnct low-ievel

ractioftctive liquict wg$te$; to conctuet the regiefiai di$posa!

of wtedium and !ow-Ievel $olid wa$*e$ in ncgr$utface; ft$

well a$ conceretration cii$po$ge1 Df high-level raciioactive

$olid wa$te$ im cteeep repo$itery;

2. Current Status anct Prospect of Chinai$ Nuceeftr Fuel

Mdus*ty

Chiena ha$ explofect a certaipt quawtity gf fiatuval urgRium

re$erves anct theoretically the ura"ium re$ource $upply is

guaranaeect. Accerctimg to {he forecast of ChiRa'$ ele¢eric
power ctevelepmenit, by ehs year of 2CIO, the 6apacity ef

20GW nuclear power wiii ctemand 3000 ton uranium per
year; by the yeaf cf 2020, the capacity wiil reach over 40

GW. Ba$eci oft the current $tatu$ and poteneial of China'$

,urageiugn re$eewce, plu$ the f"rkher uraniugv} explogation
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#ged cte¥eiesgewtent, China cacpt fugly ca2er for the ctcme${i#

ts#grEftecd wiek certaiR $ufpeu$,

Tff ifygeet ihe ctefvkand of ftuclear pawer prggram, China is

$geeeding blge ihe copt$truectjon of gentriimggi eRriche"¥ient

ptant a$ well as the R&D of ian $iftu ieeching ryeiiting
teeitrtgegagy. Meffgeftigyee, we are wgrklemg preliEveinayily cn the

g-gWR fuel pcredwction line. Chine has obtaiRed fthe
capkbENty of e'rkass predvction of Nl)P fuel as$ernbly for

3oOMW, 600MW anct 900MW NPP$.

By tke end oif 1996, Qin$hait PhaselNPP, Unlt$ a and 2
of Dgeya Bay NPP iR opefatio" have unloacted k total of

ewger#xiemateiy 140 ton $pe"t fuel, Be$ide$, $ery"ie $pent

fuel keas beege unleactect frern fe$earch aftct experiment

regctor$ ancg mew i$ s{ered in ghe stergge peol3 of the
faeigitle$.

ChEgees plftn$ te bwikt a large-$cale correfygercia(
rifpr#ce$$ing plttwt in arguitci 2020 aged a piletr lacilkty for

MOX twel R&D iit the Reer future, ln erder fto acquire the

eonstrucinon and gperatien eKperience gf coms"rlerciRl
reegerttcs$$ieng pgants, China i$ con$trueting a pilot plani with

& de$igned capaciiy ef 300Kglctay isu Lanzheu N".4clear
Fgel Complex. it i$ gxpeeted to toe put iwtg operatiptit toy

e#rgy next cewtury. Al$e, a cewtreni $tofage fac{iity of spent

fu$S is uftder coft$fruction.

in Chiwa, the $y$tem of reguietion and stanctgrd on rad

waste managerrieng ha$ toeen e$tabfi$hect. Wp to now, the
$O lteg"it$ ef g{gte $tanctards ecrect ituciear iRdu$trial

$la*dards that were decresed and are being cempilee hkve
kegsicaily wt$tthag requirerg""eRe gkad waste ry}awageffienft.

F*ge high ractieaeiive iiqesit wasts treetmeent, China hft$

cteekeect ee act"pt cerernic etec{rie furfikce viwific;atigR

tgckRgqije. SgMh$ full-$cale $irk"geeIetiost ctevice l$ go toe put into
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expgfgrif}ena, Fcr evaici-level rftctioactive iiquid wa$te ckspo$ai,

we adept "nderground hytraulic fracture eRd bulk grguting

cemeRtation gere¢e$s. The hyctrk"lic ffacture facili{y wa$
geut iwto trial operetioR sgcce$$fully at the eenci eM996 and

the bulk grouting faciiity wili be soon put Meo operatioft in

the eorn}ng year$, For bw level i}qujd wasRe treatment,
bitumest $oeickfication i$ adDptedi with $oljftct operatioen

eecord ef it$ faciliXy fer $everal years. Ths iow i$vel iiquid

wg$te discharged by NPPs unctergees cemeRtation aher
coReentratieft at siae.

Chjna adopt$ regienai dispe$al princlple foflow and mid-

levei ractioacfive seaid vva$te$. Nomhwest Lgw and Mid-
Ievei Activity Wa$te Disposec1 Slte i$ to be compeeted in

1997; BeiioRg Dispo$ai Plant located ift Guangbong
Prevince i$ plannedior commercial operatiQwtn 1998; The

site $electicR of East China Disposal $ike ha$ been $tarted,

lkl, Nuclear $afety anct EnviroRrrtentgl Pretection

in the cour$e of nucrear gnergy program, Chima sticks te
the ba$ic pfinciple ef `'safety gerioriky, quftIity priority" to set

llp $atety environmentai protection and heaith care $y$tem

at all ievels. To en$ure the quality emct safety of nuclear

power censtr"ctie" and eperation, China has w${abiished

complete nuclear $afety reguiatien sy$tern anct fQrgned a

cemplete Ruclear safety organlzation with Natieaal
Nuclear Safety Admimiskrgtiopt, a$ the l'"gSor nuclear safety

regu}atety agency and other corresponding nucge&r safety

control boctie$, China's gevernment, threugh the
regulations anct thi$ orgemizntion, exercises
Geit'gprehen$ive review anct $upervi$ion of NPPs and other

itucleemr iacilitie$. While eR$using the $afety of fttsclear

facjlities aRd personnel, we attach irgtspQrtance to the

campaigit of pttblic $afety and envifomrnental protecticR

awarenes$ to builct good irnage of nucle&r eptergy pregram.
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witntine f#cu$ en ithe Ruclear pQwer $afety, we undertake

ali tke $ffert$ ef the sgfety and enviroRrnental protecgien in

ihe ftuedear twel indu$trry, -if-he tDp priorifty i$ {o guaraRtee

Npifk geperaticn $ateey, especialiy the $atety $ugeeM$iQn

gndi wactiaition protection in the cour$e of refueliRg repair

asct #ygaigetenance; Meamime, we attack iEmpohartce to

gategy $mpewt$ion anci iR$peciion iR fuel cycle; We
cgmstantly abide by ths Ruclear $afety regulatioen llend

iryRgeEgry'ssnt ehe RuGlear $afety and environmental protection

rgigea$uere$; We $tlGk tQ the rad wuste rnanagernent palicy

with the focae pcint ordi$po$aE. CNNC enjoys a cemplete
maeEigar accictent ewtergency $y$tern inducting ewtergancy

agencie$ &nd neces$ag'y emergency facilities lecatect in

NPge$ knd related nucleaf faciiities.

gV. wternational Coeperation in Nuciear knergy

Lgdie$ ftnct gewtiery}en,

iR ttine iRitial phase of $iart-up te deveRopmewt, Chima

$eek$ exten$ive internatioRal cgoperatioR to jointiy e><plore

the rg'gewket of nucleer power aRd Rucieeer fuel.

1. Chine$e govewtmene con$tantly stick$ to tke foHewing
three gerinciple$ fgr nuaEear expert:

S> U$e gf ltuciear eRergy QnSy for peaceful purpose;

2) Reque$k the nuciear impQrker gevernments io accepft
IASA $afeguaros aRct $upeifvi$ion;

3) Wifhout enutueel comsent Qf both $ide$ of coopgration, Ro

ftgteen$ferto the third ¢geuntry.

2. Ifteernatienffl ceoperaticn i$ asu inkegral part of China'$

rwclear energy pregram; The cievelepg'neRt in Chinai$
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nu#Sear pcew@r eenpt nuclegr fuelinctas$try tsring$ acto#ut as

tsreftct ftascleegr @geergy market to the worlct.

Exgeeriegece acqeeirect in Chiitais suucjeftr power
cievelggeiyaent ftas prgeven the l#"ifgportftnce of interRatjoltal

n¥elear teeniti¢al exchecnge g$ well a$ furthef $hftriftg aftct
ienftrvctagctiege of teE;hm#logy, ivnct$, twggeggeg'E-aent experlenee

arect geer$esRexei fer kuclegx pewer afid fuel fabricatiGR,

Chinee wigg rn3in"aiR emct cievelep the iRtemati"na(
egeogeeratioft wt Rueleftr power aenct fiuglsftf fuei with othef

##untrie$ incluctiRg Jftpftn aRct join with them in
cgentritoee{kltg ao mLgcEear power ctevekeprwiewt uncS eceitomic

prg$geerity ige thi$ regieft.

Thank yeue es}i.
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Thank you very much for iRviting me to participate in the JapaR Atomic Industrial

Forum's (JAIF) 30th Annual Conference. It is a great honor and pleasure to be
here with you. My good friend and Trilateral Commission co-author-Professor
Ryukichi Imai-has told me much about JAIF aRd all the excellent conferences
you have held over the years.

This aftemoon, I would like to focus my remarks on wha£ I believe are some of the
key "ener.cry security issues" facing the world, both in the short and long-term.

In preparing for iny speech, I have drawn upon the principal conclusions of our

recently published Trilateral CommissioR report, Maintaining Energy Security in
a Glohal Context.

The speech is divided into six areas:

     l. World Energy Supply aRd Dernand Over the Next l5 Years

     2. Rising DependeRce oR the Persian Gulf

     3. Medium to Long-Term Environmen{al Challenges

     4. Energy Scenarios-Fifty Years fViead

     5. Nuclear Power and the Importance of the JapaRese Nuclear EBergy
        Program

     6. CoRciusioRs
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PART ff:

W()Rff.D ENERGY SWPPgY AND DEMAND
        (]PVER waE NglXT A3M YEAgrs

A. GasMSIN(god£ECagce"atEompProcess

our tool for examiniRg world energy supply and demand over the next 15 years
is the GEMS Model. The GEMS approach was first developed at MIT by Carroll
wilson and the Workshep on Alternative ERergy Strategi'es, where I served as a
pyogram officer 20 years ago.

k is a relatively "assumptioR driven" model, based on a number of factors
xegarding economic growth, oil price, and fuel preferences. As showit in Figure 1,

the GEMS Model includes estimates of energy supply and demand for 11
cogntries, 10 regions and a global aggregate.

Figesffe g; CkEeeRfttieit ?recess feer GE]NajS Werlld Aggregkte
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It is therefore possible to look at fuel mix shifts and to estiinate what it would take

to reduce dependence oR a particular fuel for security or environmental reasons.

The modei has over one million cells in an Excel spreadsheet foimat.

We start with economic growth and here we include private estimates of the
OECD secretariat. These estimates tend to be lower thaR member governinent
estimates. We have conservative estimates for world economic growth over the
next 15 years---2.3 percent for OECD countries and 5.3 percent for non-OECD
countries. Estimates of economic growth for the rapidly industrializing countries

are somewhat higher thaR that of the rnore "mature" OECD economies.

B. GReball Eitergy S*ppgy ard Derritaitd

Free trade and the proliferation of inarket economies is propelling the world

toward a Rew era of economic prosperity. While this rapid economic growth is
raising living standafds in many of these Rations, it is also resulting in a dramatic

expansioR of global energy demand.

Our GEMS Model projects that world energy demand will likely increase by
approximately 40 percent between now and 201e. As shownin Figure 2, OECD

counuies will coRstitute a smaller share of much grea£er world energy
consumption than was the case in the early 1970s.

geigure 2: Eitergy Copmsagitptieit by Region (S97g-2gig)

250 -

/
.h A.O

? ;,

ofi g

gg
aj S.

.p- e.

: tis

200

150

1oo

50

o

ieeRestofWorld ,

ew Non-･OECD Asiai

ge CEEIFSU

,enECD

1970 1990 20lO

Source: GEMS GIobal Ener--ay Supply and Demand Model.

I-1-6



This rise in global energy demand is occurring largely as a result of the increasing

}iberalization of markets which has facili£ated a shift in manufacturing away frorn
industriaiized ecoRomies (such as those in the OECD) to rapidly industrializing

economies (such as those in Asia). Think of the basic steel production shifting

from the United States aRd Europe to Japan, and theR to Korea, now to Thailand
and other AsiaR economies. These industries, such as the steel industry, use a

greater amount of energy per unit of gross domestic product (GDP) than the more
service-oriented economies in OECD countries.

Energy demand is also expanding because of the increasing percentage of
populations living iR urban areas. Urbanization (the growth in proportion of a

country's population which lives in towns or cities) nct only leads to greater
demand for refrigerators, televisions, and elecuic fans, but aiso is directly related

to the rise in demand for motorized transport.

Energy systems do not change much in 15 years, aRd accordiRgly, as showR in
Figure 3, the GEMS Model projects that the world will continue to rely on fossil
fuels to meet the majority of its energy requirements.

esigure 3: Worgd Prigxkkry Eitergy Dexffkand by FueE (199g-2gae)
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C. Regieitts}EitergySespplyaitdDemaRd

Now that we have examined energy demand and supply pattems at a global
level, I think it will be helpfu1 to examine the regional energy demand aRd supply

structure.

Nofth America (including the U.S., Canada, and Mexico) has a large Ratural

resource endowmefi£ and consequently, rnany different energy options. Natural
gas has been the fastest growing energy source over the past several years. This
has come about as a result of several different factors, including the

implementation of the Nerth AmericEm Free Trade Agreement (NAFrA) and
deregulation of energy markets in general. Changes in the U.S. electric utility

industry, environmental regulations and improvements in combined cycle
technology will ensure that natural gas will be the fastest growing fuel over the

next 15 years. O£her fuels, such as oil, coal, aRd nuclear will retain their share in
the overall energy mix. Nuclear energy's role will begin to decrease in the post-

2010 period as many plants are slated for decommissioning.

European countries represent a variety of different energy situations. Some are
prodgcers (such as Norway, which is the second largest exporter of crude oil in

the world); others are coRsumers. Some have pursued aggressive nuclear power
programs, such as France and Belgium, and others s"ch as Italy have relied on oil

for electric generation. We expect the energy demandlsupply structure to remaiR
largely reliant oR fossil fuels over the next 15 years, with Ratural gas as the fastest

growing fuel source.

Over 80 percent ofJapan's energy Reeds are met by imports-including all of its
oil, about 70 percent of which originates in the Middle East. Consequently,
diversifying its energy supply structure is the primary objective of Japan's energy
policy. ExpandiRg its nuclear energy program is a principal part of this plan,

including the development of a ciosed fuel cycle. The Japanese govemmeRt's
target of haviRg nuclear energy provide approximately 40 percent of electric
generatioR by 2010 will require the additioit of approximately 15 nuclear reactors.

The rapidly industrializing countries of Asia will account for a large percentage of

the increase in global eitergy demand over the nex£ 15 years. Sustaining real

economic growth rates of between 6 and 8 perceRt wil} require massive amoun£s
of energy. We expect these couRtries to rely on the most inexpensive fuels-
largely oil and coal-to satisfy their expai}ding eRergy appetites. For exarnple,
we prQject that ChiRa will rely on coal for 75 percent of its primary energy share
in 201o.i

This raises an important, yet sensitive issue: the Reed for the induswialized

[OECD] ceuntries to take the lead in using the most advanced energy
technologies, which are also the most expeRsive. Less industrialized couRuies
will rely oft the cheaper energy technologies,just as we did during our earlier

stage of deveiopmeRt. It is important to Rote, however, that these "cheaper
energy techfiologies" will still be rnuch more efficieRt than the techRologies we

i China will be the single largest source of .crreenhouse gas emlssions during the next 15 years.
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used 50 years ago. A coal plant being built in China today is far more advanced
than one that was built iB th                      e Ohio Valleyjust after World War II.

Now that we have exainined energy and demand pattems over the next 15 years,
what treitds emerge?

The energy portfelios in OECD countries will remain relatively balanced, with a
mix of fossil fuels, Ruclear, and renewabies. However, begiRning in 2010, nuclear

generating capacity in many of these countries, with the exception of France and
Japar}, will decline-increasing our reliance oit fossil fuels.

The rapidly developing countries, especially those in Asia, will use an increasing

percentage of fossil fuels, especially coal, because of its abundance and low cost.

       , fossil fuels will accouRt for 80 percent of East Asia's primary energyBy 2010
supply.

What type of eRergy security issues does this likely pattern of energy supply aftd

demand over the next 15 years raise?
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PART ma:

RffSgNG DEPENDENCE (PN THE PERSgAN GWLas

A. increasiRg Depeptdence eit Persiait Ggef Oi}

Based on our GEMS Model energy projectiofis over the next 15 years, I believe
we face a daunting energy-related national security challenge associated with our

increasing dependence oR oil from the volatile Persian Gul£ It is problem that will
be especially challenging for Asian couRtries, who according to estimates by the
U.S. intelligeRce community, will be importing approximately 90 percent of their
oil directly from the Persian Gulf.2

Many in the energy community discount the nature of the energy security threat
that is before us. They argue that improvements in oil recovery technology,
stable fiscal regimes, and the emergence of a global oil market lessen the

sigRificance of PersiaR Gulf oil producers and thereby minimize the concept of

eRergy securlty.

Furthermore, persoRs claiming this view believe that in the event of another crisis

in the Persian Gulf, such as an attack on Saudi Arabia or Kuwait, the U.S. would
respond immediately by seitding 500,OOO troops to the region and restore order,
thus ensuring the stable supply of oil to world markets.

I disagree wholeheartedly with this point of view. In fact, I believe we are in an

even more perilous situation than that we faced during the 1970s, l980s, and
early l99es-a period during which we expen'enced an oil disruption due to geo-
political events on average every 5 years.

There are several reasons as to why I beiieve our increasiRg reliance on oil frorr}

the Persian Gulf poses a significaRt national security threat:

e Bt,lsll}g..{2iL!2gll}{sma Oil Demand: Oil demand is rising at an unprecedented rate and will

  continue to be the vvorld's most importaRt energy source. It will accouRt for
  over 40 percent of global primary energy supply in 2010. Without stable and
  afliordable supplies of oil, the global ecoRomy will griltd to a halt. Much of

  this oil demand over the next 15 years will originate in the rapidly

  indusuializing economies of East Asia. They will account for a greater
  increase in annual oil demand than the whole of the OECD. This grovvth iR oil
  demand is being fueled largely by aii expanding transportation sector.

@ Non-OPEC Production: OECD regions, especially the North Sea and parts of
  North America, have experienced impressive gai'Bs in oil recovery rates in the

  more mature fields. Other parts of the world (non-OECD) are also increasiRg
  oil production as the result of more stable fiscal regimes and technological

  improvements. Nevertheless, with prejected increases in worldwide oil

2 By 2010, import dependency on the Persian Gulf will rise to 95 percen[.
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consumptioR, steady non-OPEC oil production represents a
total world oil supplies.

declining share of

e PersiaR Gulf Swing Producers: Despite the positive prospects fer steady
  (instead of declining) Ron-OPEC supply of oil, the world's iitcremeRtal oil

  demand will have to be met by OPEC producers-and within OPEC by the
  Persiait Gulf producers: IraR, Iraq, Kuwait, Qatar, Saudi Arabia, and the United

  Arab Emirates. As demoRstrated in Figure 4, it is the percentage of world oil

  supplies provided by the Persian Gulf producers (not OPEC overall) which we
  project rising to mid-1970s levels arouBd 2010. Persian Gulf exporters, with

  enormous reserves and low production costs, promise to be the key swing
  producers in meeting the world's increased demaRd for oil.

esigeege 4 : Worgd Dependence on PersiaR G"gf Oig
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B. ObstacPes to SeabEe OgR Sespp#ges fregge PersXapm G"Rf

Certainly the Persian Gulf swing prod"cers--Saudi Arabia, Kuwait, Iran and
iraqscould produce this amognt of oil based on their reserve potential, bgt there

are serious obstacles:

@ Unstable InvestmeRt Climate: GovemmeR£s in the region face daunting socio-
  economic challenges in the comiRg decades. Past ecoAemic policies, based eR
  state-directed investrnents aRd subsidies paid by oil reRts, are no loBger viable.

  The challeRges of restorillg economic growth, restraining population growth,
  creatingjobs, providing food, conserving water, and protecting the
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environment will require large surns of money. Only the private sector, beth

domestic and foreign, can provide the necessary funds. Yet if such
investments are to occur, stable and predictable "rules of the game" for

private investors must be established.

ee Externai Threats: Defending against external threats to a key producing
  country-such as lraq's invasion and annexation of Kuwait in 1990 or the
  war betweeR Iran and Iraq in the 1980s-is of central concem aitd is

  becoming more challenging. Advancements in mili£ary technology, especially
  the development of weapons of mass destruction (nuclear, biological, aBd
  chemical) by pariah states, raises questions abeut future U.S. military activity

  in the regioft with the purpose of defending against externa} threats. The U.S.

  Department ef Defense has recently released a report outlining lran's

  commi£ment to developing weapons of mass destruction and the threat this
  imposes on the region. As Figure 5, illustrates, present day iranian ballistic

  missile technology would eRable it to strike targets in neighboring countries,
  iRcluding oil installations and ports in Saudi Arabia.3
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  iate 1970s-is one that is difficult for outside nations, such as the URited

  states, to influence. Several monarchies in the Gulf, such as Saudi Arabia, are

  in the midst of transfening power to a younger generation. If we support the
  current moRarchical structures, which are ofteR undemocratic, are we
  supporting lofig-term revolutions, as was the case in 1979 in Iran? OR the

  other hand, if we withdraw our support for these established regimes, weuld
  they fall into the hands of radical clerics, as is the case of Iran todaypt

c CpgeeigE}gsti£Viewpegits

What could change this picture, rernembering that our outlook period extends to
201O, which is Rot a long time iR terms of energy plaRRing?.

ee Lower Oil Demand: Oil demand could be lower than we project. However,
   our GEMS Model projections are based on conservative estimates of future
   economic growth. These projections are actually lower than ahnost all other
   comparable models. For example, we estirnate Chinese economic growth at a
   relatively low average rate of 6 percent during the outlook period, compared
   with OECD's estimate of 8 perceitt and the World Bank estimate of IO
   percent. We also assume improvements in energy eiificiency. Therefore, if
   anything, we have erred on the low side of energy [oil] demand. It could, iR
   fact, be higher.

eetptt1II t:BreakthroughsiRoilrecoverytechnologyare
   an importaitt reasoB for the better-than-predicted Ron-OPEC oil productioit
   over the past decade. IrriprovemeRts in recovery rates have brought about
   reductions in cost to the point where North Sea recovery costs are less than
   half what they were a decade ago. In our model, however, we account for

   improvemen£ in recovery, and iR fact, we show an increase in noR-OPEC
  productien for the forecasted period (1990-2010). Many forecasters will say
   that this is too optimistic, but we believe it is realistic gi'ven advancements in

   3--D seisrnic, horizontal drilling and other technoiogies. Nevertheless, the rate

   of world demand for oil easily outstrips the capability of Ron-OPEC countries
   to meet that demaRd, resulting in rising dependence on Persian Gulf

  producers.

ee AlternativelyPoweredVehicles: Thetransportationsectorisaimosttotally

   dependent on eil. Demand for oil will rise corresponding to the rapid grow£h
  projected in the transportation sector. One way of slowing that growth in oil
   demand would be the wider use of altematively powered vehicles. In the

` Some have su.agested that despite the chaos and confusion from an intemal revoiution, the successor

regjme would still have to sell oil in order "{o eat." 'lhjs may be {he case at rhe end of the revolution, but

What happens during the interim fighting that may involve rival fac£ions and last several months? A sudden

drop iR oil produc£ion from any of the major Persian Gulf preducers for even a period as short of 3 months

Would wreak havoc on the criobal economy. Recall that Ehe oil crisis of the 1970s became the international

                 e.debt crisis ofthe 1980s.

I-1- 13



   shert-term, this could involve greater use of natura} gas, and other fossil fuel

  derivatives. Over the loRg-term, elecuically powered vehicles could
  significantly reduce our oil consumption; however, unless a technological

  breakthrough occurs in battery technology (which would both extend their
  range and reduce their cost), electric vehicles will not make any significant
  impact on the transportation sector vintil well after 2010. Furthermore, it takes

  time to build disuibution iRfrastructure and the rate ef auto replacement on

  average is only once every 10 years. Therefore, it may be 20 to 30 years
  before we see a significant (say 25 percent) increase in market share of

  alternatively powered vehicles.

ee Emergence of the Former Soviet Union as Ma'or Oil Ex orter: During the
   1980s, Russia was one of the largest crude oil producers in the world. In

   1987-88, its production peaked at 12.5 million barrels per day. Today, its

  production level is half that arnoun£ at around 6 milliolt barrels per day. The

  combination of low domestic prices, Roit-paymen£s by consumers, high
  taxation of producers, and an uncertain fiscal and legal regjme, has caused a

  collapse in drilling activity aRd new field development. Oil production has
  probably bottomed out and will slowly begin to rise, but it will not reach its

  high production levels of the 1980s until well into the Rext century. ARother
  potential supplier of oil to world markets in the area of the old Soviet UnioR is

  the Central Asian and Caspian Sea region. Oil reserves iR this area represent a

  major new source of oil for the 21st century. Before this becomes a reality,

  however, the oil needs to be transported to markets in Westem Europe and
  Asia through a volatile belt of countries and districts. There is rauch

  uBcertainty surrounding the developmeRt of adequate pipeiine routes to
  coRsumer markets.5

ee ltE99I}gg}!g..{}ufl!..9g!ll2gE!LS!c!!2UiSM2a!!}{}:Mis!E!!s}:ldPolt IStblt th Mddl E t: EcoRomicandpolitical

   stability in the PersiaR Gulf region is an essential element of rnaintaining

  energy security. Each of the oil market disruptions of the 1970s, 1980s, aRd
   l990s was linked to instability in the Gulf regjon. I certainly hope peace and

  ecoitomic stability reign throughout the region, but we should Bot count on it.

D. Patk Toward a SasstaiitabEe Feetgre?

The world is steadily heading toward greater reliance on the Persian Gulf for its

priRcipal energy resource-oil. IRdeed almost half of the world's oil may have to
come firom this volatile region withiR the Rext 15 years.

The region is poised to undergo significant change over the next decade. The
agi'ng leaders, the increasingly apparent dissatisfaction on the paft of youthfu1

and frttstrated pepulations, and the growing asserdveness of mevements and
ideologjes that coRtest the legitimacy of aging monarchies and civilian
dictatorships all suggest that the regi'on is ripe for major political upheavals.

5 If pipeiines are built accordin.a to plan, it is projected that oil exports from the Caspian Sea could be as

high as 700,OOO barrels per day beginning i'n 1997.
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Against this backdrop, prudent policymakers should be asking themselves several

questions:

     ee ArewemaiRtainiRgawell-balancedenergyportfolio-onethatwill
        help insulate us from the effects of another oil shock?

     as What politicaYmilitary options do we have in respoRding to a crisis in

        the Persian Gulf?

     e What would be the costs, in terms of economics and natioRal security,
        of another major oil shock?

     @ Is our present national security policy sustainable?

some people may say that my perspectives on rising dependence on the Persian
Gulf are overly pessimistic. Hewever, I like to peint out that in the field of

national security, we Rever plait for good news.
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PART g[Eff:

    MEDgVM TO LONG-TERM
ENVgR()NMENTAL CwakLENGES

Our analysis of energy supply and dernand pattems over the next l5 years poiRts
toward some troubling conclusions. The world, undergoing a profound economic
expansion, is turning toward the most inexpensive eRergy sources availabie. This
trend is not putting us on the right path toward a sustainable future, which so
many governments, including our own, have made such a top priority.6 Two of

the most troubling trends are in the areas ef national secttrity and eRvironmeittal

quaiity-principal elements of aRy strategy for achieving sustainable

developrneRt.

I have already alluded to what I think are the Rational security consequences of
our continued reliaRce on oil from the volatile PersiaR Gulf. I believe we face the

prospect of another oil market disruption within the next 3 to 5 years. Recall that
the shortfall brought forth as a result of the tranian revolution in 1979 involved

only 5 percent of world cil supplies and lasted only three months. Yet it brought
forth profound economic dislocatioR, both in iRdustrialized countiies, which

plunged into deep recessions, and also for developiRg countries, which suffered
severe balance of payments problems.

Expanded energy, both in the production and consumption phases, brings forth a
host of environmental challeRges-ones directly related to the theme of
sustainable development. The two that I will touch upon briefiy-acid
deposition and global climate change-are the direct result of our use of fossil
fuels.

A. AcidDeposiSieit

Acid deposition, which first became a major concem in the highly industrialized
regions of Europe and North America during the l970s and 1980s, is beginning
to become evident in many areas of East Asiar-especiaily along the southern
coast of China, the Korean peninsula, and Japan. Available monitoriflg shows
that the acidity of rainfall has been rising dramatically in some areas of the region.

If counter measures are not takeit, acid deposition in many areas will increase by

more than a factor of five and exceed the levels observed in the most polluted

6 'lhe term "sustainable development" has become one of the most wideiy used environmental and political

concepts over the past several years. It first appeared in 1987 when the World Commissjon on

Enyironment and Development (commonly referred to as the Bruntland Commission) released its report.

Octr Common Futttre. Sustainable development was defined as "meeting the needs of the present without

compromisin.cr the abiiity of future generations to meet their own needs.''
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2Mreas in Central and .Eastern Europe.7 Table 1 shows the current and projected

einissions of sulfur dloxide gor.Europe, North America 4nd Asia.                                                    The total
g,ros5e,Cdteig8,",ihfu1<fillLO,:･td.e,filll}liSiLo.nps,f,o.r.Abs/ha,n,gountriesm                                              2000 and 2010 far

Figuee 6: C$rrewt kitd Projected Sesgfur Dgoxidie Emissioits by Regioit
(}itg}ggoge xgRetric topms)
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B. Ggebag CliEmiage Chftitge

Although Etncertainty surro"nds the theory of global climate chaRge (regarding

the ex£ent and speed of such change, its overail effects aBd regional distril)lltioit,
and the cost and effectiveRess of efforts to prevent, slow dowR, or adapt to
change), the magnitude of the risk led more thai} 150 couRtries to sigit the

Framework Convention on Climate ChaRge (the Rio ConveRtion) in 1992.

Despite the fact that political leaders in OECD countries have made commitments

to stabilize their greenhouse gas emissions (at 1990 levels) by 2010, these

commitmen£s will not be achieved. The necessary energy policies to meet these
targets are Rot being implemented. IR fact, our GEMS Model!IEA projections
demonstrated in Figure 7, illustrate that energy-related carbon dioxide emissioks

in 2010 will be over 30 percent higher than the 1990 level.

If the issue of global climate change is to be taken seriously over the loRg-term, a

fundamental change will have to be made in the global energy structure, with

7Wes Foel et al, RttlRVS-ASLtlL: An Assessment ModelforAir Pollution in Asia, Report on the World Bank

Sponsored Project: "Acid Rain and Emission Reductions in Asia" (WashiBgton. DC: Worid Bank, 1995).

Some experts have no{ed Ihat acid deposition could impact China's agricultural productiyity, threa£ening to

tUrn China into a net importer of rice in the next ceRtur>t.
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increased reliance on non-fossil fu

sources.

els such as nuclear and renewable energy

Figmpre 7: Worgd Camboit Dioxide Emissioits
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We have seeR that our path to the twenty-first century is one that is becoming
increasingly reliant on fossil fuels. This reliai}ce on fossil fuels raises significant

energy security and environmental challenges-oRes that would seem to be in
direct conflict with our goal of sustainable development.
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?ART gV:

ENERGY S¢ENARif()}S-esXnvY YEARS maEAD

This past fall, I participated in a seminar organized by Dr. Jack Gibbons, the

president ClintoR's Chief Science and Technology Advisor, aRd Director of the
white House Office of Science and Technolo.cry Policy. Dr. Gibbons was kind
enough to invite me to the White House to provide him and his senier staff with
an overview of eur Trilateral Commission report.

Dr. Gibbons made several interesting comments at our meeting, iRcluding his

assessment how we should examine our long-term energy future-the period
2010 to 2050. Dr. Gibbons pointed out that iR examining long-term energy
suppiy and dernaRd, we first need to admit that there will be no "silver bullet"

that will solve all our problems. Our energy solution, he noted, will involve
several diflierent technologies, iitcluding greater penetratioR of renewables,g mere

energy efficiency and better conservation, expanded use of clean-buming natural
gas, and advanced nuclear energy technologies.

He said that if we want to see what type of role nuclear power will play, let us

first try to determine the coRtribution of other energy sources and technologjes.

E[ow much energy will renewables and Ratural gas be able to provide? Will
greater eRergy efficiency and more conservation lead to reduced total energy
demand? What type of transportation sector will be in place-fossil fuel-based or
reiiant oR alternative energy seurces (electrical powered vehicles)? TheR, he
stated, we will have a better idea of the need for nuclear energy-what amount of
ituclear energy will be Reed to fill the gap?

Dr. Gibbons' observations are important and we were challenged to estimate the
fuels requirements of a sustainable development future, including the raRge

reguirecl of "cleaR and sustainable fuels" such as Rataral gas, renewables, Ruclear

power aRd greater energy efliiciency.

Ae esa£gers Driviag Leag-Terxit Energy Dexnaitd

This afternoon I would like build on Dr. Gibbon's remarks and present to you

twe different long-term energy scenarios that have we have generated fro;n the
GEMS Model. The two cases are:

e BusiRessasUsual
eBergy resources.

: relies on fossil fuels to provide the majority of our

In ether words, a continuation of present policies.

8 Included as renewable energy technolo.a..ies are: hydro, solid biomass, photovoitaic cells, wind power,

geothermal, passive solar, aRd hydrogen.

I-1- 19



     e Sustainable Growth: enhances the role of renewables, natural ,...cras, and

        nuclear, and includes improvements in energy efficiency. In other
        words, a digressioR from fossil fuels.

In assessing long-term energy supply and demand futures, there are a number of

factors which could affect long-term energy supply and demand, and I have tried
to take these into account in building our projections.

In making our estimates for economic growth, we realize that there will be more

rapid economic growth in some periods and much lov)'er grovvth during others.
Consequently, our economic growth for the 50 year period is 2.4 perceRt. This is
about the average ecoRorr}ic growth of the last 50 years.

PopulatioR growth will be another influential factor-especially the increasing
urbanization of the world population. Our estimate for pepulation growth over
the next 50 years is approximately 1.7 percent, which is considerably lower than

the average growth rate of 2.1 percent from 1971 to 1992. As demonstrated in
Figure 8, eveR with low ecoBomic growth rate expectations, the world's
pop}nlation cogld almost double in the next 50 years.9 We use the same estimates

of ecoRomic altd population growth in both scenario cases.
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9 By 2025, the world population is projected to total 8.3 billion people, or about 45 percent more than {he

cuf'rentestimated population of5.7 billion. By 2050, world population projecrions reach IO billion.
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g. geeesiitesstssVsgaR

First, let me discuss the business as usual strategy, which is based on a

continuation of present policies and market conditions.                                             Our assumptions for
business as usual are:

ee Continued reliance on oil in the transportation sector.

ge ContinuedrelianceoRcoalforelectricalgeReration,especiallyin
   countries like China and India.

e Continued progress in energy efficiency in the transport, industry, and
  residential sectors.

ee Continued growth in use of natural gas, includiRg development of long
   distance pipeliRes.

ee ContingedincreaseinuseofreRewables,butnoseriousmarket
  peitetratlon.
ee Continued decline in Ruclear energy generating capacity in OECD
  Europe and North America, but expansion of generating capacity iR
  Asia.

With what type of energy future does this present us? As demonstrated by
Figure 9, it is ene iR which we continue to use enormous amounts of fossil fuels-
especially oil and coal. I don't think this type of future is sustainable, especially

from a national security and envirormental quality perspective.

Fgguee 9: Wos}d ?TigeeRasy Eit£rgy Deggkaitd by as"eg (A99e-2gSg) --
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c Sgstagmable Grovyth
That is why we take a hard look at our second scenario-sustainable growth-
and ask, what must be done today to achieve a sustainable future? Given our
huge energy supply and demand matrix, we try to ferce the model to gi've us
results which are sustainable. Our principal assumptions for sustainable growth

are:

ee ImprovementsineRergye£ficiencyandconservatioR.
ca Growth in role of renewables in electricity generation sector.

ee AugmentatioRofnaturalgasintransport,industrial,commercial,aRd
  electrical generation sectors.

e Expansion iR nuclear generating capacity-more than threefold by
  2050.
e Decline in use of oil and coal (as a percentage of total energy demand)
  in all sectors. Oil and coal production does Rot exceed 20 percent of

  productioR rates in 2010.
@ IRcrease in use of electric vehicles in traRsportatioR sector (30 percent

  market share by 2050).

Figure 10 illustrates our projections for the sustaiRable growth scenario.

Figure iO: Worgd ?rlEKRary Energy Deggaand by F"eX (a990-2gSS) --
Sastagitabge Growtk
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what does this eRergy projectioR tell us about our future? We can see from the
sgstainable growth sceRario projection that fossil fuels still form a significant part

of our energy portfolio, but far less than was apparent in the case of business as

gsual. Clean burning natural gas becomes the most important fossil fuel. We also

see that renewables assume an important part in our energy supply picture.

what abogt nuclear power? Even with Ruclear power only slightly increasing jts
percentage share of.total electricity generated (from approximately 16 percent in

l990 to 20 percent m 2050), we see that nuclear energy generating capacity will

have to iRcrease about three-fold-from 325 GWe in l990 to over 958 GWe in
2050.

This conclusion will not come as a surprise to this audience. What often surprises

me is why environrnental groups, so concerned about global climate change and
acid deposition, do not embrace the nuclear energy option, a key element in any
strategy designed to achieve sustainable development. Our sustainable growth

scenario does Rot assame tha£ nuclear energy will be the silVer bullet that will
evercome the energy challenges of the future. We are only assuming its role is
slightly increased; yet, under this scenario, there would have te be an almost

three-fold increase in nuclear generating capacity.

I think ogr snapshot of possible long-term energy supply and demand scenarios
tells us that we have to maintain a well balaRced pertfolio of energy sources. It

will be important to continue research and development oR promisiRg renewable
technologies, especially biomass aRd photQvoltaics. Natuiral gas we see as the
fast growiRg energy source, largely because of its cleait-burning attributes and
availability. But this will reqllire huge investments in natural gas infirastmcture

projects to get the gas to markets. We also underline the necessity of improving
energy efliicieRcy and promoting more conservation. Finally, we see Ruclear
power continuing to play a vital role in the electrical generation sector.
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ParS V:

   Necgear Pgwer aitdi tke ggxRge*r#aitce

oftke Sageaitese Necgear Eeergy Pifograggg

We have clearly seen from ogr last projections the importance of raaintaining a
balanced energy portfolio. In the case of business as usual, our future is

dominated by oil and coal, both of which raise serious energy security and
environmental quality problems. This future is clearly not sustainable.

This leaves us with ogr second case-sustainable growth. If we afe to achieve
this future, we need a well balanced energy portfolio, one that includes a strong

role for natural gas, renewables, aRd Ruclear.

A. Skorg-TerxgRChaggeitges

If nuclear power is to play a part in our sustainable growth sceRario-which
projects a threefold increase in nuclear generating capacity-there are several

short-term challeRges that it must overcome. These are:

     e FindiRg a solution to the problem of long-term storage of waste.

     de Ensuringthatnuclearenergyiseconomicallyviable.

     e Maintaining a high safety record, particularly iR the former Soviet
        Union and rapidly industrializing countries.

     ee Meetingnon-proliferationobjectives.

The singie largest challenge facing the nuclear power industry in the United
States, and I believe the world, is the problem of long-term storage of spenr

nuclear fuel aitd other high-level radioactive wastes frem coimnercial nuclear
power installations. If this challenge is not overcome, the future of nuclear

energy in this country will be in peril. We must continue our efibrts and fundiRg

for the completion and siting of the petmanent waste depository at Yucca

Mountain.

Internationally, we should seek not only individual nation sites, but also coRsider

the coRcept of aR international monitored reuievable storage site (IMRSS), which

would eRable us to share expertise and expenses; and meet ecoRomic, non-
proliferatioR, envirormeRtal and safety coRcems.

The economics of nuclear energy, compared with other energy choices, will
determine whether or not the United States will replace the existiRg generation of

Ruclear power plants. In order to improve the economics of nucleaf energy, we
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fteed to iraprove the regul.atory envirgnmen£. In Japan, it takes about S to 7 years
to complete a plant. In this country,                             it can often take more th                                                 an 10 years.

The N"clear Regulatory Commission has made important steps in streamliniRg
                 and expediting the licensing process for pre-approvedlicensing proced"res

standard designs. These efforts at streamlining our burdensome regulatory

enviromnent must continue. Many still believe that even with regulatory reforms,
the cost of nuclear energy is still much too high. However, I like to view the

economics of nuclear eRergy from a national security perspective-oite that
factors in the extemalities of fossil fuels.

For example, although oil may appear iBexpensive at $20 to $25 per barrel, there

are many costs which are itot factored into the price, such as the cost of

raaintaining a military force ready to intervene at a moments notice in the PersiaR

Guif.

Coal too is cheap. But what about its social costs-specifically, its impact oR the
enviroitmefit? What if we were to include in the priciRg structure for fossil fuels

the potentiai ramifications of giobal climate change?

Nuclear energy is the only energy form in which all factors are inputted into its

cost-from emichmeRt of naturai uranium to the disposai of waste and
decommissioning of nuclear plants.iO

I like to point out that electric utilities iR JapaR are ciiticized for their expensive

electricity. Global competitors such as Toyota aBd Fvljitsu might argue that the

high cost of elecuicity in JapaR, brogght about in part due to new construc£ion of
nuclear power plants, may hinder their economic competitiveRess. And looking
only at the electricity sector, they may be right. Bgt think of Ford and IBM.
They may pay less for electricity, but they, indeed all citizens aRd companies, pay
a tremendous premium to maintain a $300 billion per year defeltse budget. We all

pay for energy securky. Itjust comes out of different pockets. Let me say,

however, that Toyota does benefit by U.S. troops stationed in the Gul£ I would
also argue that Ford and IBM will benefit in the long-run by improvements iB the
Japanese nuclear industry, which can at a later date be made available to U.S. and

European rnarkets, when we do return to the nuclear option.

Over the past decade, operational safety of nuclear plants in OECD countries has
beeR excellent. We Reed to continue this strong record of high safety stai}dards.

But maintaining our high standards of safety is not good enough. We need to
ensure, to the best of our ability, that all countries operating nuclear plaRts meet

high safety standards.

Safety of commercial Ruclear power plants in the former Soviet UnioR is of

primary concern. Another Chernobyl-scale accident would seriously eRdanger
the future of nuclear energy werld-wide. Last Apri1, the G-7 held a special

ie rlJhis is not the case with any of the fossil fuels. We do Rot include the cost of the ex;ernalities of fossil

fuel use (whether they be national security or environmental) in our price calculatioRs.
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Nuclear Safety Semmit iR Moscow. The Summit recognized the need for safety
and security-related technical (and possible financial) assistance.

Plans to develop andlor expand nuclear eRergy programs in China, South Korea,
Taiwan, and other rapidly industrializing countries need to be monitored
carefully. A culture of safety aRd accountability, as is preseRt in OECD countries,

needs to be impressed upon these countries. This is a role which Japan, which I

believe has the most advanced commercial nuclear energy program in the world,
ileeds to play. Japan has an outstanding record in safety and accountability. It

should take the lead in promoting these sarne standards among its Asian

neighbors.

Non-proliferation concerns will have a direct impact on nuclear energy's future.

Non--proliferation challenges are much fnore varied and complex than they were
during the height of the Cold War-a time when two nations stood poised with
Ruclear weapons ready to destroy one another. Today's threat frorr} nuclear

weapons is more complex and much more difiiicult to identify. While the United
States and Russia maintain their Ruclear arsenals (along with the other declared

Ruciear weapon states), other countries, such as Iran, North Korea, and Iraq seek

to develop nuclear weapons.

What cait be done to reduce the threat of the prolifera£ion of nuclear weapons?
First, the role of the Intemational Atomic Energy AgeRcy (IAEA) Reeds to be
strengthened. The I/ViA has played a vital role iR reducing the danger of nuclear

weapons development in Iraq and North Korea. Other challeRges await. We
need to eRsure that it has the proper resources to carry out its monitoriRg

fuRctions.

Second, we Reed to contiRue our close cooperation with our Japanese afid
European colleagues. The foundation of this cooperation is both the U.S.-Japan
Nuclear Cooperation AgreemeRt and the U.S.-EURATOM Agreemeitt. I applaud
Ambassador KenRedy's efforts in Regotiating the U.S.-Japan agreement and was
delighted to see the U.S.-EURATOM agreemeRt recently come into force. We
Reed to work ciosely with our European and Japanese allies. As part ef this
partRership, we should respect and support their decisions to reprocess spent

nuclear fuel. Japan and Europe view reprocessing as an integral part of their

natioital eRergy policies. Instead of worrying about their reprocessing programs,

we should be working with them in ensuriRg the safe and proliferation-resistaRt
development of nuclear power in other parts of the world.

These are tough challeRges, but let me say that they are no tougher than the

Rational security, energy security and enviroamental problems associated with
other alternatives.

B. Japax'sNgclearEnergyProgragyx

It is importaAt to not only focus on the chailenges of nuclear power, but also to

look at its successes and opportunities. IR this respect, I would like to say a few
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words regarding the success of the Japanese nuclear energy program and your
efforts at long-term energy plaRning.

As a fiational security advocate, I understand and support the reasoning behind

Japan's decision to make nuclear energy one of its principal energy resources in

the next century. You have the world's second largest economy,                                                      yet has no
indigenous energy resources. Oil, which accounts for over 50 percent of its

primary energy supply, is almost 1OO percent imported-70 percent of which
comes from the Persian G                    ulf.

In cypical Japanese fashion, you are undertakiitg a long-term Ruclear energy

strategy-with the goal of developing a fully closed nuclear fuel cycle. This

long-term strategy is being carried out with future generations in mind, with the

objective of securing for them a safe, sustainable, reliable, aRd envifownentally

sensitive fuei source in the twenty-first century. As with aRy new technology,
the costs are high, but so is the cost of maiRtaining a fnilitary presence in the Gulf

region to secure oil for America and the world. As stated in our Trilateral

Cominissioit report, Japafi's long-term nuclear eitergy program is its coittribution

to maintaining our global energy securiry.

Many of you maybe aware that the CoBncil oR Foreign Relations, in close
cooperation with the Japait Atomic Industrial Forura, has established an Energy

Secgriry Group in Washington. We meet on average every two months and
discuss a wide range of eRergy security issues facing both the United States and
Japan. In fact, just last week, at our April meeting, we greatly benefited by having

two excellent speakers from Japan. Mr. Tomihiro Taniguichi, the Deputy Director
of the Agency of Natural Resources and Energy at MITI gave a thorough
overview of the Japanese Ruclear energy pelicy and the key role nuclear plays in
achieviRg the three objectives of Japan's overall energy program: economic
growth, eRergy security, aRd enviroRrnental protection.

FollowiRg Mr. Taniguichi's remarks, Professor Shunsuke Koitdo of Tokyo
University gave a very interesting talk on recent effbrts in JapaR aimed at

improviRg the dialogue among govemmept iRdustry, and local communities in

planniRg for future nuclear developments. Our American participan£s, which
included Kyle Simpson-Secretary of Energy Pena's senior advisor axtd former
Secretary of Defense under President Kennedy, Robert McNamara, moted that
United States also faces public acceptance challenges over implementing energy
policy.

C MediasmiRteLeag-TeriyaNgcge3rEgeesgyTechitegggies

Discussion ofJapaR's nuclear energy program brings me to the issue of
continuing our development of a number of advanced n"clear technologies-----a
discussion that is best left to the technical experts at this conference.

Nevertheless, I still would like to make several brief commen£s from a layperson's
perspective. If nuclear power is to play a dominant role in the 21st century,

research and development of advanced nuclear reactors aRd techRologi'es must
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continue-just as is the case with any other energy technology. One such
advaRced nuclear technology uRder development in Japan, and from what I
understand, one that will be commercialized toward the end of this century, is the

use of mixed-oxide (MOX) fuel.

Several EuropeaR countries have already a number of years of experience in
using MOX iR commercial reactors. Japan's objective of using MOX fuel toward
the end of the century is at the core of its energy security strategy. From the

perspective of maximizing national energy resources, it is not enough for Japan to

replace oil with ituclear power. It is also important to make the nuclear power

program as self-sufficient as possible by reprocessing spent fuel and recycling

plutonium into MOX fuel and using ir in commercial reactors. I think

reprocessing is a viable technologjcal optioR and one that makes Rot only sense
from a natioBal security perspective, but also from an economic perspective over
the medium to long-terrn.

Although uraxium resources are currently abuRdant and inexpensive, which
raises questioits about the economics of reprocessing and long-term research oR
the breeder reactor technology, the situation could change. If we are to achieve

our sustainable growth scenario--whereby North America and OECD Europe
returR to nuclear energy for reasons of ecoRornic, national and environmental
security reprecessing will not be a luxury, but a Recessity. Part of our GEMS

Model includes a relatively straight forward nuclear fuel cycle aRalysis, which can
project natural uranium civilian reactor requiremeitts out to 2050 and compare
these figures with current known uranium resources.

Figure gl: Cthgit"kaeive Clviiiait Reacter VranixEgE Dewtand Comp3red to KnewR
UraRi"mii Reso*rces
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Figure 8 compares t.he current known supply of natural uranium to aggregate
consafnption by civilian nuclear power reactors.                                        The current known supply of
aranidrn recoverable for under $80 per kilogram is 3,800,OOO tons accordiRg to

                                                         er $130the Uranium Institute. Total natural uranium resources minable for und

geE.ki,iOftl'IgMd,iS,g62£O,'hO,9t,OhR,S6hlg8,IigYi8.tlV,e,,d,eglfaX,d,{?gi"E,iglA･.r".PE.OAedC,tSd$sboYSge,

kilov.u.rarn) will be exhausted by the year 2045 in the business as usual scenario,

and by 2036 in the sustainable growth scenario. After this time, the burning of

reprocessed urapium in the form of MOX fue! will become cost efficient. More
        , the mcreased use of nuclear fuel m the sustainable growth scenarionoticeably
reslllts in a rapid increase in uraRium prices after the year 2030, approachiRg $130

per kilogram by the year 2050.
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This aftemoon I have presented a broad overview of a number of the energy
security and environmental challenges facing the world. Some of these are short-

term in nature, while others are more medium to long-term in nature.

In the short-term, the most dauR£ing energy security challenge is our increasing
reliance on the volatile Persian Gulf region. Reducing depeRdence will be
difficult, especially for the rapidly indusuializiftg nations of Asia and Japan who

have little alternative but to purchase Middle East oil. In fact, by 2010 Asia's

import dependency oit the Persian Gulf will rise to 95 percent.

This emerging dependence underliRes the importance of building oil stocks in

non-OECD na£ions, such as China. Stocks can be a vital resource iR the event of
a sudden siipply disruption. F"rthermore, it reinforces the Beed for the United
States to maintain its active railitary presence in the Gulf region-protecting vital

sea lanes and eRsuring stability in Saudi hrabia and other Gulf states.

As we look to the rnedium-to-loRg term, faced with energy projections that

indica£e continued reliance on fossil fuels, a different type of energy-related
challenge emerges-the envirorment In Asia, the most acute problem in the
medium-term will be acid rain, especially in the southern parts of China, the

Korean peninsula, and Japan. Globally, the challenge will be clima£e change.

These emerging energy security and environmental challenges clearly
demonstrate that we need to shift our global eRergy systera away from fossil fuels

and toward cleaner burning and reRewable energy resources.

This cannot be achieved ovemight, but will take several decades. Japan can play

a key role, through i£s nuclear energy program, in leading the world toward a
more sustainable energy system. Japan's role in developing advanced nuclear
techRologi'es in the tweitty-first ceRtury will be mgch like that of the United

States in the twentieth ceRtury when it protected the world's vital energy
resource--<)il.

Recent incidents at the Tokaimura waste repfocessing plaRt and Moaju fast
breeder reactor have shaken the Japanese pub!ic's confidence in Ruclear power.
While these incidents are serious, it is essential to point out to the Japanese public

that no energy resource option is without its challenges. Oil--Japan's principal

energy resource, comes from the volatile Middle East. Natural gas-while
abundant, is ofteil lecated far from markets and requires the coRstruction of long-

distance pipelines through politically sensitive regioits and also requires

expensive infrastructure development. Coal is inexpefisive, bu£ a direct
contributer to the most challenge environmental issues of o"r time--acid raiR and
global climate change. Renewables, while attractive, are limited and unable to

provide aity significant amount of energy. As we conclude in our Trilaterai
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commission report, nuclear power emerges as a key eRergy source in terms of
achieving long-term sustainable development:

     Naclear energy has considerable appealfrom the perspective of
     all three.faces ofenergy security. lf the energy security problem is
     valnerability to disruptions in an emergency due to heavy
     dependence on imported oil .fi'om an "nstable Middle East,
     naclearpower is an altemative energy source which can reduce
     dependence on imported oiL if the energy security problem is the
     long-term problem ofsustainable deyelopment, given lhe global
     climate change implications of rising greenhouse gas emissions
     from the burning offossil juels, nuclear power emits no
     greenhouse gases or suijtzr dioxide or nitrous oxides that create
     acid rain.ii

Last week, in an opinion editorial in the Christian Science Monitor, I underlined

the importance of Japan's state--of-the-art nuclear energy program aRd stated that

the Japanese nuclear power program:

... will provide U.S. and globalplanners with an important
renewable source ofpower that will enable the inhabitants of the
twenry-:first century to grow and thrive as their oil-dependent
ancestors of the twentieth century."i2

Responding to an article oR global climate change which appeared in the llhll
Streel lournal in mid-March, I pointed out how Japan, the host nation of the
upcorning Kyoto climate change conference, is a solid example of a nation with a
sound energy policy and one which includes nuclear power as an important

component:

Japan has recognized that the scijla, eupanded use ofnuclear
energy provides environmental benofts locally, regionally and
globally on a so"rce that other renewable faels may never
achieve. Locally, there is less pollution in lapan's cities and

countryside. Regionally, there is less acid rain caused by power
production in Japan. But, most importantly for the intemational
communily, with nuclear power production increasing al the
expense of oil ancllor coal, greenhouse gas emissions are greatly
reduced.'`"

wnile the future for nuclear power in Japan, and more broadly speaking, Asia, is
bright, the situation in the United States is Rncertain. Nevertheless, there have

been several eRcouraging developmeRts which suggest a more optirnistic future.

IR his testimony before the SeRate Energy and Natural Resource Commit£ee in
late JaRuairy, then-Secretary of Energy desigitate, Frederico Pena, cited energy

security as one of this top energy prierities and the need to "level the playing

l
t

t2

l3

Maintaining Energ), Securitv. in a Global Context, pg. 67.

Please refer to appendix for a copy of Mn Martin's opinion editorial in the Christian Science Monitor.

Please refer to appendix for a copy ofMr. Mar!in's letter to the editor of the Wbil Street JournaL
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field" for nuclear power. Dr. Gibbons, President Clinton's top science advisor,

has also noted the important role of nuclear power in the twenty-first century-
viewing nuclear power as a integral part of a balanced energy portfolio. At our

nation's leading national laboratory-the Los Alamos National Laberatory, and
under the direction of lab Director, Dr. Sig Hecker, he and his scientists are

conducting a long-term nuclear vision.

As we look to the future, energy will play a key role in determiniRg the pace of

our economic development and depending how aBd what type of energy
resources we use, the quality of our environment. The eitergy security and

environrnental challenges we face should be viewed in a positive Iight-
challenges that can be met. In overcoming these challenges, whether it is helping
the Chinese develop a more efficient and cleaner burning eRergy system,

encouraging the continued developmeitt of non-fossil fuels such as nuclear aRd
renewables, or bringing over 100 natioRs together to discuss global climate

change in Kyoto, energy can act as bridge to building a greater harmony among
all natioRs.
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APPENDgX A:

                   DEscRg?moN oes (}asMs
     (}k()BAg ENERGY SWPPLY AND DEtwifAND M@DEM

     The GEMS Model compiles energy statistics from the base year 1990i4 to

develop energy demand projections for Canada, China, FraRce, Germany, India,

Japan, South Korea, Taiwan, the United Kingdom, and the United States. These

projections are incorporated into the regional projections compiled fbr Africa, the

former Soviet Union, Latin America, the Middle East, Non-OECD Asia, Non-

OECD Europe, OECD Europe, OECD North Arrierica, OECD Pacific and the OECD

Total. The regional totals are aggregated in the worid total. GEMS uses the

standard energy supply/demand integratioR sheet used extensively by energy

analysts around the world.

     For this preseRtation, GEMS has developed two scenario cases: (1)
"business as usuaF' and (2) "sustainable grewth."i5 In the business as usual

scenario, projections are based on curreRt practices that rely heavily on oil for

transport and coal for electrification-in other words, a continuation of present

policies. It also accounts for continued progress in energy efficiency in the

transport, iRdustry, aRd residential sectors, and growth in use of natural gas,

inciuding development oflong distance pipeliRes. It assumes that renewables

make no serious market penetration. Nuclear energy generating capaci£y
declines in North America afld OECD Europe, but increases in East Asia. IR the

sustainable growth scenario, we assume vast improvements in energy
conservation and ethciency; growth in the role of renewables in the electricity

generatiolt sector, and augmentation of natural gas use in the traRsport,

industrial, commercial, and industrial sectors. Nuclear energy's role is slightly

increased from today's level of generating approximately 17 percent of the

world's electricity to generating about 20 percent of the world's electricity. We

also assurne that electric vehicies account for 30 percent ofthe market share in

the traRsportatioR sector by 2050.

     An important assumption ofthe GEms model is the projected economic

growth of each region and country through 2050. The economic grewth
assumptions are calculated from data available from the OECD Secretariat and the

i` All projections are made from base-year statistics l990, compiled from IEA publications: Energ),

Statistics and Balances ofNon-OECD Countries 1989-1990 (Paris) and Energ>, Balances ofOECD

Countries 1990-1991 (Paris).

iS The final energy demand to{al in 2050 under the sustainable growth scenario (approximately 330 mi}Iion

barrels per day oil equivalent) is lower than the final energy demand total under business as usual

(approximately 380 million barrels per day oil equivalent) because of the assumed increases in energy

efficiency and conservation under the sustainable .orrowth case.
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World Bank. The GEMS rnodel, however, is generally more realistic about world

economic growth than either ofthese two organizations. The average world

economic growth from 1990 to 2050 estimated by the GEMS Model is 2.4 percent.

Population growth will be an important determining factor for economic growth

rates-especially the increasing trend of urbanization. Our estimates for

population growth over the next 50 years are 1.7 percent, which is considerably

lower than the average growth rate of2.1 percent from 197l to 1992.

     The energy IGDP ratio is one of the most important assumptions made in

the model. This ratio determines the energy intensity of an economy and

represents an important distinction between rapidly industrializing (China and

India) and iRdustrialized (OECD) countries. Rapidly industrializing coantries

have a higher energy use per unit of GDP because their industries (steel and

heavy manufacturing) are more energy-intensive. Industrialized countries have

lower eRergy /GDP ratios because their industries (service industries) are less

energy-intensive. This ratio is multiplied by the economic growth rate to

determine the final energy demand growth rate. The GEMS Model takes into

account that the energy efficiency oftechnologies used by developing countries

is steadily improving. While they may not always adopt the most efiiicient

technologies, the basic staRdard has risen dramatically over the last 15 to 20

years, aliowing developing countries to leap-frog to more efficient energy

technologies. Having the benefit ofmore efiicient technologies will result in

developing countries having lower energylGDP ratios than currently
industrialized countries at a similar earlier stage of development. The final

demand growth rate is fbund by multiplying the estimated economic growth

figure by the energy IGDP ratio. It is used to determine the growth of final

energy demand fbr each region and country in GEMS. The sector demand shares

by fuel for the transportation, industrial and commerciaYresidential sectors, are

based on the 1990 IEA data. For each country and region, depending on the

scenario, changes are made to the sector demand shares to show increased (or

decreased) usage ofoil, coal, natural gas, nuclear, and renewable energy sources

in each sector over the 60 year period. Changes in the relative importance ofthe

transportation, industrial, aRd commerciallresidential sectors also illustrate

changing energy needs for the countries and regions in the GEMS model.
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APPENDgX B:

ASSUMPTg()NS FOR BWSgNESS AS USErAL
AND SWSTAgNABaE GRCPWwr SCENAREOS

I-1- 35



◎
≧
阿

一
勇
．
o
o
I
　
｝

（
潮
．
三

3
、
卜
酢
一

鳴
N
O
　
の
国
己
響
く
≧
r
螢
Z
増
需
お
．
属

儒
．
醤

頃
0
蕊
一

σ0
O．

（》

}．

属
く
．
一
≦
．
…
…
三
幽
の
…
三
こ
≦
と
…
＝
垂
C
」

（
X
〕
．
一
鴨

8
，
馨
i

卜
。
。
，
コ

『
潮
田
益
，
5
⊃
劃
詮
．
ト
マ

…
O
マ
．
9
0
マ

嚇
ひ
．
ト
マ
ー

国
，
．
ト
マ

コ
．
卜
可
1
　
　
■
　
1
写
．
爲

．
　
一
　
1
一
．
N
．
2
　
　
　
　
1

1
ひ
マ
，
3
コ
一
1
…

幣
ひ
．
卜
剛
｝
I
　
l
こ
，
＝

〔
5
．
G
◎
d

錠
｝
，
q
コ
四

ヨ
》
．
◎
Ω
8

｛
ろ
．
0
9
N

　
　
・
　
　
　
　
　
　
翫
引
当
雪
月
ぐ
困
凶
聞
覇
源
ぐ
割
．
副
一
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
一
　
！
　
　
8
　
　
一
　
　
一
　
一
　
　
…
　
　
一
　
　
　
一
　
　
讐
　
　
－
　
　
　
響
　
1
　
　
2
　
　
1

三
．
＝

望
｝
．
コ

顕
．
＝
一

酬
蓼
嶋
翻
⊃
留
」
（
蜀
．
訓
ゴ

i

爵
q
辱
昌
謡
ぐ
＝
の
2
Z
く
閣
4
釜
（
膚
＝
C
．
層
．
n
）
鴇
η
　
　
　
　
　
　
　
　
　
一
　
｝
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
，

¢
¢
，
ゆ
寸

鉛
．
唱
マ

等
．
鵡
で

餐
．
塗

求
留
＝
く
＝
の
Z
C
唱
「
野
く
謡
冨
Z
コ
娼
）
、
一
く
り
＝
［
」
．
9
留
、
一
二Q
Q
．
O

（
X
｝
．
0

（
乙
．
O

つ
Q
．
O

（》

n，

州
ヨ
d
一
封
一
二
㍊
副
q
．
忌
蝿
，
灘

1
　
．

n
X
｝
．
0
2
》
．
O

臭
冒
，
（
｝

〔
X
｝
．
G

（
5
．
O
一

O
卜
，
漏
寄

，
気
酬
ぐ
｝
．
劉
引

窪
．
0
門
－
巽
．
ひ
N

1
　
一
」
卜
，
さ
四
l
　
l

馴
剣
笥
咽
刃
劉
U
≡
」
Q
識
、
ヨ

｛
X
｝
．
0
8
、
O

（
5
．
¢

「
X
｝
、
O

3
ゆ
．
噴
卜
一
，

－
鵠
刷
ぐ
一
．
．
一
白
一
ヨ
α
判
濁
制

，
　
1
　
．
　
一
一
〇
．
庁
α

（
X
》
．
き

90
蛛D
u
一
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
！

一
側
ヨ
劉
α
「
5
．
G

Q
Q
．
O

窯
）
．
O

没
｝
．
弐
，
　
　
　
1

」
ヨ
ぐ
咽
，
唱
≦
〕
h
）

I
　
l
　
「
£
．
蕊
．
　
一

「
　
i
奪
．
自
一

＝
．
9
－
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
1
　
一

㊨
剛
ヨ
．
コ
⊃
譜
，
5
年
【
劉

一
1

一

担
ぐ
＝
袖
謝
咽
回
ヨ
川
劉
剛
2
1
判
謝
．
劉
劉
q
闘
刈
剛
　
　
　
　
　
　
　
　
－
　
噛
　
一
　
l
　
　
l
　
l
　
　
l
　
」

｛
尻
．
2
τ
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
．
　
！

鴫
嶋
．
＝

O
Q
o
．
三

1
　
一

　
　
　
　
　
　
　
　
　
　
　
　
　
戴
9
」
く
Q
り
i
　
一
　
　
一
　
　
犀
　
｝
　
　
－
　
l
　
I
　
　
l
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
I
　
一

1
　
一
　
聖
　
　
幽

1

承
×
＝
ζ
．
■
翻
嘉
」
、
欄
く
戸
欄
9
Z
国
2
鱒
の
譜
｝
噌
、
，
一
く
薦
9
＝
留
【
属
脚
‘
（
｝
り
　
　
　
　
i
¢
剋
ひ
渓

I
　
　
O
ま
．
一
ヌ
ー
　
l
　
l

き
．
頃
渓

｛》

n．

ﾌ
窪
　
　
　
一
門
。
◎
．
鴻
邑
！

引
詔
一
制
引
d
「
困
回
引
ぐ
詞
ぐ
二
一
刷
ぐ
『
昌
ヨ
Z

一

¢
O
．
（
ろ
。
o

自
．
頃
錯

等
、
ヨ
マ
　
　
　
　
　
一

？
唱
．
珍
硯
i

二
》
．
琴
国
i

設
．
ト
一
一
　
I
　
I
一
置
，
。
◎
一

窒
．
2
1
　
　
1

｝
三
州
d
一
望
」
．
5
三
」
【
Q
謝
、
箏

論
．
濡
O

段
．
頃
ス
！

擾
．
満
頃

愛
．
コ
鴇
　
　
」
　
…

蜀
ぐ
ヨ
引
コ
測
差

こ
・
、
2
　
　
　
i
　
　
E
　
幽

．
一
i
幽

嘩、

n．

一．

w
帽
．
N

　
　
　
　
　
　
　
　
　
　
　
　
　
」
叫
δ
唄
の
≦
）
一
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
一
－
i
l
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
i

酎
。
o
，
蜜
窪

一
h
．
”
〇
一
、
d

ヨ
．
；
ま

＝
、
ヨ
£

コ
．
N
C
二
　
　
　
一

一
酬
剃
著
弱
濁
一
　
　
　
　
9
　
8
　
　
崖

£
．
（
滝
　
　
…
　
一
　
．

酎
卜
．
（
肖
i

61
ﾐ．

n
邑

O
マ
，
一
門
　
　
　
一
ミ
．
寝

ざ
＝
）
ご
4
⊃
国
，
買
）
V
＝
．
第
一

莞
．
一
三
O

。コ

B。．

穿
．
交
｝
3
コ
邑

N
？
．
い
O
窪
蟹
！
「
一
黛
．
2
卜
N

誕
．
O
霞
棚

一
ヨ
く
ご
乙
鵬
≡
．
ズ
》
｝
＝
．
姻
＝

ρ）

o｝．

Q
　
　
　
1
噸，

T．

U1
蛹

C
唱
．
窪

｝．

n．

帰，

早C|

　
　
　
　
　
　
創
．
，
翼
）
り
9
　
1
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
一
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
一
　
馨

ス
．
障
亀

＝
．
ま
；
i

；
．
禽
渓

1

削
O
，
N
～
篇

ゴ
コ
副
引

i
ト

i

求
×
＝
4
、
一
冨
⊇
』
、
轍
く
＝
戸
閏
‘
の
⊃
二
Z
一

1

Z
C
鵜
』
”
O
帳
ズ
噌
C
＝
』
ヨ
＝
》
Z
盆
川
二
二
Z
鴨
　
　
　
　
一
　
　
！
‘
！
一
　
i
l
　
　
l
I
梱
一
8

陵
．
夙

う5

g，

四
守
．
一

渓
．
一

ヨ
「
州
同
鴨
2
｝
＝
・
u
譜
．
型
　
　
　
1
｛
酪
O
N

1
三
〇
N

…
り
＝
N

〔
三
至

の
Z
C
哺
「
轍
．
角
＝
ζ
⊃
協
の
く
ン
、
噌
』
』
；
の
　
　
　
　
　
　
　
　
　
　
し
　
　
ぴ

窮
．
0

O
頃
．
O

卜
O
．
O
　
　
聾
　
一
　
一
　
一

〇
四
．
頃
ひ

等
．
家

旨
．
O
O
一

倒
9
．
岩
国
、
瞬
（
三
回
．
劉等
、
一
l
O
O
．
O

畳
I
1
7
マ
．
唱

蹄
．
一

離
．
一

．
，
ー
コ
「
求
研
＝
9
≦
＝
；
〉
’
（
）
謡
d
，
（
芝
≦
養
（
綱
副
凶
オ
引

一
　
一
転
．
一

調
．
一

儀
．
一

2
．
一

O
O
．
O

£
．
O

O
卜
．
O

一
ヨ
尽
2
』
」
≦
f
三
川
）
潮
劉
劃
　
　
　
　
　
　
　
ー
ー
匹

求
X
＝
‘
、
全
一
⊇
篇
Z
（
と
’
向
く
』
「
鑑
C
論
の
Z
く
》
【
【
【》

}、

早
@
　
　
I
　
I

2
．
．
N
」
　
　
一
　
臨

O
鴫
．
四

唱
マ
．
N

1

N
〈
　
求
＝
．
哺
・
〉
’
C
｝
肩
門
）
Q
一
2
C
Z
C
9
冨
　
　
　
l
　
i
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
「
　
I
　
l
一

，
、
『
劇
｝
∩
》
い
（
暫
N

．
，
州
ヨ
翻
1
剛
割
刷
0
3
N
」
副
圃
§
｛
｝
N

，
出
ヨ
。
象
刷

O
瞬
O
国
，
無
〇
四

鶏
O
N
，
ヨ
O
N
O
；
付
，
設
｝
O
潤

O
O
（
昌
、
（
玉
…

の
Z
（
）
需
」
隔
∩
＝
鵡
；
の
の
く
＝
．
隔
》
’
C
｝
網
じ

1－！－36

「
閾
く
D
q
e
の
く
の
q
り
一
一
7
籏
の
「
娯
幽

”
O
悶
幽
く
Z
留
り
Q
り
蘭
幽
の
く



制幽

D
を
〆
A
）
㌶
臓
）
蘭
幽
、
、
關
餓
《
7
扇
ぐ
’
國
」
g
つ
「
即
Q
つ
潔
）
關
醐
繭
《
7
繊
蝋
〔
）
α
り
留
の
《
〔
）

（
X
》
．
＝

〔
X
｝
C
門

（
乙
蔑

憂
｝
三

（
X
〕
窪

当主i象零
Ol頃r二lo一層閏一．霊Ψ

ハロ　バ　 ハリ　ハ
萎…5〔笥苓
。訓N嬬●，ぐM僧ぐ「

ll

夙1

（
5
，
卜

（
X
〕
．
ひ
輔

（
X
｝
．
～
囚

（
X
二
｝

一
…
．
等

C
鴫
．
2

（
議
震

｛
X
》
O
N

｛
峯
．
緊

（
峯
．
一
．
四

〔
X
｝
吟
酎

交
｝
、
袋

｛
X
｝
．
（
説

【
X
｝
．
｛
潔
，
　
　
　
　
（
X
》
，
〔
二

｛
冥
｝
C
一
　
　
　
　
｛
X
｝
、
マ

一
雨
｝
、
3
蝦
　
　
　
　
｛
ろ
．
硫
鶉

ρ
Q
C
　
　
　
　
　
「
X
〕
，
輯

、
副
司
ヨ
翻

．
一
斜
ヨ
鳩
門
O
僧

黛
｝
．
頃

0
鴇
．
こ

｛
X
｝
．
O
創

｛
さ
．
コ

C
鴫
，
2
・

黛
〕
．
Q
〔

｛｝

ｼ．

ﾐ
創

｛
δ
，
N
N

（
託
．
5
諏
一

｛
X
｝
．
3
N

き。

Bo．

}

O
鴇
。
〇
一

O
謁
．
O
N

ヨ
｝
、
9

努
，
a

〔
乙
．
0
邑

（
話
｛
遷

｛
乙
茜

O
唱
．
學
9
一

，
（
X
〕
．
a

（
X
〕
．
匿

｛
ろ
．
矯

（
X
》
．
黛
．

O
瞬
．
猷

宝
）
．
N

窯
》
．
段

｛
δ
．
開
．
N

（
乙
窪

杭
き
◎
｛
》

．
3
．
（
》

｛
6
、
O
ひ

鵠
．
哺」

司
劉
創

き
．
ト
ひ

O
鴫
．
一

」
淵
薮

陣，

艨C

m
【
Q
o
．
2

（
あ
．
｛
轟

霜
、
驚

謎
，
議

触
罰

。。

蛛D
O
マ
、
C
創

漢
ヨ

～
気
．
。
。
一

軍
＝
．
門

ひ
ト
．
N
N

噸．

b
．
輔
，
門

ト　 一
v3　炉
。　鱒

3
．
O
O

窪
．
輔涌

訓
諭

鴫
四
一
）
　
◎
ウ
譜
，
．
榊
鶉
〈
〉
〆
隠
Z
口
鉱

　
　
副
，
留
く
口
，
叫
リ
コ
Z

議
劃
の
く
O

一
一
矧
9
割
⊃
嵩
．
醐
C
謡
翻

一剛
c
噸
一
く
C
り

斡
い
腰
｝
開
く
繭
欄
の
7
扁
（
）
一
「
F
く
｝
幽
繍
ア
「
留
鱒
）
鳳
聞
く
0
二
解
贈
論
」
》
織
、
剛
域

載
「
笥
嘱
づ
裂
創
⇔
識
、
閏
ロ

　
　
　
　
．
四
凋
｝
｝
．
の
く
¢

ヨ
一
副
つ
鵠
，
質
）
妬
’
劉

　
　
　
肉
洲
剴
a

求
X
嗣
2
・
端
罐
⊇
」
・
隔
く
輔
」
ゴ
鍵
（
＝
絵
≡
、
・
網
≦
り
謡
ヨ
≦
‘
C
り

一
州
州
訓
｝
》
「
＝
ひ
寿
＝
．
り
M
「
叫
識

朔
祠
剣
制
咽
。
り
く
州
）

一
〇
楠
Q
一
｝
4
コ
講
－
凶
O
配
」
’
雪
」

」
釧
「
劃

求
×
嗣
騨
4
、
一
冨
轟
．
・
嗣
噛
燭
’
心
瓢
．
野
鴨
の
⊃
（
一
ツ
議

劃
ヨ
〉
　
＝
り
7
＝
．
」
国
．
一
譜

ー
ー
」
剖
謝
く
【
）

岬・

H）

@一

S
つ
麟
．
一
｛
）
M
一
」
．
口
告

ヨ
到

　
　
　
　
　
　

総
×
一
“
4
噛
一
国
⊇
、
欄
7
｝
（
）
胴
」
噛
く
」
》
肖
（
）
』
の
7
帽
く
謡
』
」

陵
．
籏

3
。
5
マ

（
X
》
，
¢
ロ
創

…

（
乙
．
O

ま
，
鵠

一、

n．

Bo
ｹ

（
X
｝
．
う
9
包

．
劃

8
，
0

｛
X
｝
、
｛
》

（
峯
、
O

自
．
◎
◎
頃
5

＝
お
（
二

島
．
コ
ニ

【
二
〇
．
ゆ
マ
一
・
マ

嚇
曽
．
痢
四
ひ
〔

｝

卜
？
．
O
T
環

（｝

閧
n
樫

0
6
1
．
一

O
鴇
．
O

（〕

}．

l

粟
｝
．
C

〔
さ
．
O

（｝

n
，
O

緊
．
箏
Ψ

（
峯
竃
N

亀
輯
、
＄

ヨ
，
ヨ
満

ま
．
＄
沿

ま
．
に
論

矯
“
｝
凹

｛
嵐
．
欄

藷
．
C

．
o
マ
．
四

O
り
O
凶
，
嶋
閃
O
N
騎
N
O
閃
。
O
轍
O
N

嚇
「
マ
N

£
．
簿

（
X
｝
．
9
0
四

8
，
0

⇔
◎
．
O

｛
X
り
．
¢

（
X
｝
．
O

N
①
．
四
2

心
ワ
．
O
コ

｛｝

n．

n
黛

頃
ド
．
㊤
門
ひ
僻

3コ
b，

}
酎

駅
．
穿

【
X
｝
．
鶉
創

｛
き
．
｛
｝

｛
δ
．
◎

黛
｝
．
｛
｝

黛
｝
，
C

穿
．
O
匿

（
￥
匿

コ
，
開
戸

琴
，
ド
N

【
る
．
O
，

（
ζ
．
濁
，

（｝

n、

?
【
扁
魯

O
（
》
，
a
｝

、
〔
3
。
．
湾
暁

30
R9，

m
二

O
O
．
爲
い

、
卜
N
．
ド
，
O
網

＄
．
箸
竃

め
7
．
O
鱒
，
り
N

．
£
．
㌻
5
〔
ひ
d

O
め
．
ζ
酎
四

ほ
轟
二
（
｝
N

　噴
ひ
．
一

O
卜
，
O

3
頃
．
個O

口
2
吋
3
零
3
閃

炉，

n．

G
蕊

廼
．
2
頃

．
鳴
？
．
N
C
h
コ

｛響

R
（
｝
N

iN
ひ
．
幽

O
卜
．
O

頃
マ
、
N

O
O
O
閏
，
O
犠
訊
刷 嶋

N
．
O
炉
，
N
門

酎
（
）
、
～
N
夙
N

二
“
さ
網

伸・

m
＜
　
．
轍
く
閏
」
．
7
哺
雪
（
＝
の
鵡
｝
喘
、
噌
《
胤
り
㌶
…
＝
4
｝
4
（
｝
」

雪

へ劉
〇
二i

」
㍊

≒1鱒こ

謡1く
　　　ロ

9割劉嚢
奎i量｝

ぐ≦i
　　｛

．
願

望
の
冨
｝
一
ぐ
一
噺
謁
｛
一
ツ
榊
ぐ
騨
轟
滋
（
纈
謡
∩
》
」
ハ
）
冨
男

．
罰
一
ぐ
一
、
洲
同
回
ヨ
淵
翻
葛
一
識

、

　
　
　
　
，
罫
ぐ
一
誘
く
C

周
到
ぐ
剛
哺
4
＝
器
．
累
》
コ
．
劉
一

　
　
　
、
噸
6
1
剛
ぐ
一
』
ゑ
コ

剛
馴
コ
州
薯
劃
州
謝
川
咽
繍
圃
倒
洲
■
州
、
倒
編
劉

頑
唄
ヨ
¢
》
》
．
馴
切
ぐ
嗣
ぐ
U
嶺
烈
ヨ
羽
認

桝
憂
事
ぐ
一
測
一
2
一
ぐ
鋼
劃
鉛

一
州
一
ぐ
一
，
凶
く
譜
，
一
り
⊃
刀

　
　
　
，
一
州
耐
ぐ
一
副
ぐ
U

購｛

≠
ｭ
一
一
4
⊃
濯
．
唱
C
｝
＝
．
部
島

　
　
　
ー
ヨ
引
ヨ

¢
＝
潔
＝
ヨ
一
3
2
§
輔
ヨ
譲
謝
一
内
響
＝
漏
輔
引
刷

ア
「
（
》
戸
輯
汎
》
「
響
（
一
（
｝
｝
欄
』
勃
二
（
｝
7
薫
崩
隔
｝
鴫
（
喘
ア
ニ

の
7
弾
（
》
欄
」
」
嗣
一
ζ
二
の
の
く
亀
声
．
襯
鮎
邑
鱒
二
η

ー
ヨ
求
留
』
し
く
二
＝
」
噛
到
d
剖
型
一
4
譲
つ
．
副
ヨ
潮

n
く
『
劃
く
瓢
鮎
（
紫
》
、
ン
門
》
属
恥
周
乙
割

謝
朔
劃
＝
》
’
C
謡
傭
）
U
認
≦
）
Z
C
Q
論

の
7
唱
（
》
戸
襯
9
（
幡
口
鵡
⊇
の
の
く
哺
幽
’
㎜
‘
〉
’
（
》
＝
m
）

1 ！ 37

属
国
鎧
◎
津



1'llE CIIRTSrr'IAN SCTENCE MoptIToR

Mt)nttnx

meesge:ill:ee:ee:leel

Nudear Doubcs Put us
Out ofStep on Globai Warming
  ./tt/)(t'}}, host to co}ni??,g' c{)71f?i7??o?.ce, sRts tlze best exa??iPte

8yWHHamnMaetf" et}erffy.efficietit liglttinnt to eptgntting ttte
                                   l)nwer fif tlTrt free market ltTrovglt "tn}ssioiis
     RrrlSII EnvirtmtTsetiL Seerptfiry Jt,lm Lr;:t"ng .gchemcs. n;fotigitnutt.he wrwld e:llsB     (;mitnTer's rvretit reriiarks cmtcrr.rniiTg nrp lu,:r{l for a t"ttssive shlfL to rfrtiew:l}lp     ;h" tIS's 'pvt}fiittnt." rt}erlly ennstnnl" .gtinices of n!iergy Sike sninny wind,nntkmcio:r

l{tttT' is lhe first vnllc.y in tvhnt :vilt l}e nine imiven TIie fornteropLlonsnre relativefy ntiti-

cn"tent.inii.gtttetithsfrrfTtii:Tgtiptr}#crrititrgllti- t:tiett.rnver:sini.Initnticlenrposvent.hefiitst.ntt-

ternatiuttai ceitft,re!tre "ti gtaliat el{stmte v""rg{tre!tevtahlesfitireeaspowegremai"sa
ehn""e I.his i}"eetttlt"r iii K.sttitt). Jnpn". Mn Iigltiviitg rotl rnr mnnx especinlly i" l.lte IJS.

(;+t"niit.r'st}I}t.ttrrilivi's"!"Sflu,lltt{tettSlates

tvtts ft,ltt)tv,'fl 1iy r"l"itis fsf tlisngr{rp!iintits rae gtare e( Three etllle rslatd

;:utmtuEttrtitt(":tilhiitmerivircmmptitntitiis. AnicritrrTitattitlifiestttwrtrtlsnttcianrpt}tvcr

LeTs titt tnrgeis for retiit{'i"q "reetihtitt:te, emls- arp ":ncti like t.lte prtiver}}ial (lee: caitgltt UTis

.gitm.s - ityfit':ting jtist how tlifTlt"ilt it svill Iiq titttft itt ttm hentilighls iif TItree Mile Islpt:{l.

to recwlt tr,titisettsiis hy tke etiti nC the ye:it i'til)ileitl.qcittscrintits fin ttttcteArlmivffrtypicnily

  C;amMiw.r is ci}sit`t'riifNtllhnt pt'"ii lhe nmst emplmsize lncitletns tif ate r)Rst. r:tthcrth=ti

nu"rer"rive nrtiti" ti) t'"t tl}e i'fuss"niftLioti tTC ftunts nit tlle presettL PnrhAps iL is Lelli!iq.

a,ssil incis hy retntiv"iy siimil rntttitsi{rs, like Uteti. tlmt :afmn, the l:tifrt of the Kytfttt tttiti.

I!rilptitt. wilt m""" IUtle iC lnrg{rr i"{ksstri"llzsrti:' rerp"t:" ni}tt tio strAngertn tl:e tiest.nit:tive pn-

erlttttlries ctmtimte nt tmr- tential clf Tmciefir pmwe4
re"t nntl 2rt)wing r;ttes ,iC X t"tlRy etTlaas a selltl exnm-
ctt"tsitmptfntt Wliile cttti-

ntitnif' gi:inls, T;ke lhe US

ntitt ttpit:i"t ninnih"ts ,,C lhe

Mlrtlf}entt Uttinll. ermttmle

c{i prtT{:t,ptl slttwly itt ""rett-

itig t{i etitissit)tt rcductiti4ts,

rt.ttttn,ntt,(1irtrrierstniviirltl

trntie h#s ;gtTiltttt tttrittnutic

dt.vt-ltnmifmL ntid nmli"fatr.

Lun' "" all firti"ntl the wnrlt{.

(;r"wl" 1" t't,tt"Sries 1'ike

C:ltisla mtt{ Intdin lyl7icrtlfy

For Americ" te be or

leacier in deveieping a

gioba{ strutegy en ciiraate

change it mvst reduce its

own emisslons ctnd

address a full runge of

renewabie resources.

nitmtts imTe:t/fteti rclinnce tm the lmu t.i(peii.

sive ntltt tuttsL s)tt"ttlittg stturv:.x tlC el!orfeY -

t)" :llUS ('tMt.

  Iltitli lhp lhrpat ttf RltJl,n} clitttxte ehptnge

p"fi Ute tvnritl'pt get)wing etiergy detnatt(is wiU

foree stnrlicilmnts At tlie Kytilt) cntiferetice,

nlu"ke llS ln lmnit"itnn tri r(.[.srsiiimte tlntcri

ptisitiittt:s nvt crTerR)r lmtic'}t WITsliieigtf)n h:ts

stmi" tliffT{iiit rpptlities tn lvcft. Am"rir:qn erF

erst;r pt}ik: litt{K nsi ai" ckeal}=isd ahinulatit

o" sitpfiffes ciC Ttie 2flttt t-c!itttry; eontlnues tt}

stn,iect a relRtivnty slal}Ie enerscy .,"ivply ･50

yenrs into tlie fttlltre.

  TltisigTinres,lsnwcverr;l.1iefar-re"cliingua-

tare nf ife"ies raist"i hv the sf}erter ei rdt,{mi

ri;mnterbniigc.AIIAmeTit'arivir.rvtttattiI{t(JS
nii"tittiityitsxvay"utti"liistlilenminairTntgil

msy rdt}lml "luissit}iut Lr:xt{iiag n;:reptittttils in

slittilri"ttf{vi :t IHpt

thtergy indrepertdanee` egtdcrted
  Wh{mtititTloiigerthinktift.ttt.r!c'inlennLs
nf 'efterT y incteTrerui"ttce- ft}r soloty the US.

Santh tMi!minli,itt flrTnvittg nrotm(i the wid.

expit"iitt"sItesttfn"t{}mn-"{.s.alNitirrltttst"c

int'rort/sftsiiiNrx'tririIyce"ttqmiptlon.ILsviil1>e

cfitfiml rtr dt.vT.iotnit.sv ntHTIu}Iltttittg wnire

.sintr{rrs of crperlty i!t "}f. tttmeiiig snillc'nniitnt

Rir Amed{-:t t{i 17e A leailtrr ii} tievnft}1ting a

gtc}tmlstratftttyo"clint:tecltnngekmtwtrart
tiitly tiivll "!) {o {ts reslN,Ttsihilitlehf.l tti rvrittee

ctnissi{itts. Inrt il tltt"rt. a{tett a(klressl x ftt"

m"ge ftf revptvahlft rvsi"trces.

  'ni" ifrqif-g. r:iis"rl by envirtimimtAl thruaLs

(stiuttwietvlitvil (y'tTttt}tltir nt"l tmtitwtai pmF

tit.v {""tetitlaratittttsl :trt. {t.ntiilTg Timtty lo rt'e-

tnttsiv.e"woitt.t.tifi,fnltm}.wt'tittn=yvayfv{rmni1-

mulcrtmt-;m""lINssct-rpt.intrt'f.s.trvihtstri=iizTyf

cptuuttit.fny gre llttpmti"fl lr:Tys tn rTvr+ltrt. orTltie-

sit,tts - tait"iita frut" rptlt""tkiff pl"tsts rcrtSll

in J"vnrtk ci"es #titl comttrysitip.

Ili"re ;s ;css fi"itl

tl"frtion in Jnp:n.
iuTtver tTrr"lut'tt(iti

nf tti! atl{{1itr ctml, gterrnilotrse g:ts ellsissitlli$

are greatiy retlticeft.

  Alst) ittiportnnt. .lnpati's elfretri" tititities

wtilitmnlly incr}qit}rate technttkiqicat ntt-
vaiictt.fi. such as eMirts to rervcie <reprt}certs)

spetlt tmnirr;tr f"el tn en3ttre U}e mtkst ertvi-

rnmtteiitn"y sensi"ve nfiti efrlcie"t ttse or r"

.wiirces. By reprecestittg spetit nticienr fttel

Uitsi mixetl "sitle (MOX) Cttel, ,S:pnn raaxi.

Fnizete ttsfb nf ltortni"m ewtTces anttis hptier

Rttle tp manaRp nttcieftr lvRLste.

  As tlte (Jtiits'ti States ptrny,ams for KyQln. It

vmtil{l dn sifotl Ui lt"}k Ui its htTst ns ntie smitrtr

nf iTrvtv lhltikitirt }lt a(ldrvinrt lhe :ioai(7 cn.

mmilctun t)C st:etaitiabte {ievtriel"ntrnL niist

tcrm fitpt npp":treri iti l9R7 wi!en Uie W;irifl

C4sltlt}lie"tiolu)" Snvir"nment nnd {)erv"+ca"

mpmt (ktttTwn ns lha Bnin"Rttti Cnmmissio")

rt.Inditsrvln,rt."Oin'Commntifitture.'IR
tttat rptN,a. siitttai!tsittle develn"met!t smts tle.

firterl rts. 'meetlng Ute nectts of the prT:ietit

tviLtttnit cttitipfiit"isi"ff tl;fr altillly of ftttitre

gpttervittnms tf) mect 1.Ilnfr (Tvvtviectin"

  jnlmtt's :stnte"r{:{ite.Rrt lttle nf mlcienr et}-

nv will provttle US at,ti gttrbal plannets with

#itiml)nrtmntnvbieseltrcefil- fNTveeT'thit.
wi1te,ttibledteinltnbitantsofbe21steenttiry
{ss gTTvw aiti"ltfive fvza tSIt"ltelr ttil"l"pettakut

al}ce rttme nl' Ule ZOUI ceT}tstry:

  Bia tl?e lff. the r,riutmatot' r}f Tn,t:te.m' ptn-

er:cy nptt {mce tbe ltwbetsfry IeTpalwt: may ltnve

lo tnke n ltstt'k ftent twhile ntItpt' its?tim tntce

Tt}etnec'}tmrIesvL

pte aC a rta"utlat e"er!.y
l"}liey tfmt tieserves AmFr-

1enpt slsFpofL

  A critfcnl cempt}ptenL n{

･lapRn'splntisforsnfelysnd

ststsiinsbly meettng tiipir

enerFur n(ttrtls is the ex-

pnnd()tl itse of niTrie:tr eil-

erTry; pratitlittg etwim!t-

mpfttAl ltefiefits tt:cftilx

regionall" gnd KIt,bnily i.t}-

cttlls titere is ltvtrs TivlltttSoii

            Re"inttpt"M
ra{11 {mtmmt hy 1")wpt Irrn.

  G:n{Tnily vn'Ui liucicnr
 ittc.rftnsiitg nt tlie pxpettse

re fl6ititmt H ,liniVin .st!ri.t.vt rt"t dt.r)f,ltt .w,t:-

ir"tt}il ,ifi'tirirt,ttJ"m' ihT,rtitlmtt Rtvtifftn.

I-1- 38



TIIE WA.LL STR.EET JOURNAL WEDNESDAY, APRIL 2. l997

CooZ Viezges on GZobaZ

      An internationai conference on cii-
    mate change. to be ke!d in Kyeto.
    JaDan. Ia(er this year is forcing the in-
    lernatioRai communlcy co grappie 'y'N'i[h a
    rar'r. of conEen[ious issues concernlng che
    ri'sing concenor,'aclon of carboR ciioxide

    anci ocher greenhouse gases in the
              a L.    ear[h's a[mosDitere. Your coiumn noces
    iha( wha"tever the sciengific or poiiclcai

    disagr.'eemencs. economic expercs have
    corne to agree tha[ "sianding pat ls not
            7.    an oocion.
      For i!s part. che U.S. is smruggiing [o
    corne to gr. ips witk a policy thai seEs limlts

    on carbon cras emissions. but also orovides

            e.    fiexiblliry. One area of flexibiliry i[ seems

    unwilling to address is che critical role nu-

    ciear power can play in ellsurin.(r thar [ne

    energtsr neects of a growing world are met
    while criobai carbon emisstons are re-
         e    ctuced. When it comes to the proper roie of

    nuciear energty'. Amertcans seems szuck in

    the 197es.
      Yet the host of the eonference on c:'i-

    mare change, Japan. a nation more ex-
    perienced than any other witn the nega-
    tive coRsequences ot nuciear energ>t. is
    todaxr a soiid examoie oi a sound fia-
    Uonat energy policy. wnich inciudes llu-
    ciear power as an imporrant compoitent.
    Japan nas recognized ttiaz the saie. e:<-

    panded use of nuc!ear energy provides
    environrnentat benefirs iocaily, region-
    allv aRd criobailv on a source thar other
      . e. .    renewable fueis rnay never achieve. Lo-
    cally, there is less pol}ution.in JapaR's
    crdes and the cotmrx'yslde. Regtona!iy.
    there is less acid raiR caused by power
    production in japan. But. mosc impor-
    tant for the in[ernational commun1ty.
    wtth nuclear-power preauction mcreas-
    ing ar the expense of oil andlor coai.
    gn'eenhouse gas emissiens are gTeat2y
    reduced.
                    VVumM F. >Lu? rlN
    Washingron
      rt'Tfr. i;tia2tin sem:?a' tzs deptttli secrerrrry

    o.r" enery.u .r'or President Reagan.)

Warming
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気候変動枠組み条約・京都会議（囲FCCC　COP3）が原子力開発に及ぼす影響

経済協力開発機関・国際エネルギー機関（OECD／IEA）

　　　　　　　　長期協力・政策分析局長

　　　　　　　ジャンーマリー・ブデール

序論：公正かつ中立的な仲裁機関としてのIEA

第ユ部一エネルギー枠組みの設定

　一3つのエネルギー関連サービス：電気、動力、熱

　一電力部門の必要容量から見た影響

　一政治・経済の影響の受けやすさから見た過去の教訓

第2部一気候変動に関する交渉

　一ベルリン・マンデート：QELROs（定量的排出制限および削減目標）

一石炭価格の感受性：どのエネルギー関連サービスが影響を受けるか

　一妥協可能な全世界排出許可システムの中で炭素値をどのように設定するか

第3部一原子力の政治的課題

　一供給の確保：多様化と国内産供給の役割

　一制度的枠組み：原子力と再生可能エネルギーにとっての公平な競争の場

　一民生用原子力技術の取引を可能にするための国際協定、原子力をめぐる阻害要因

　　への対処の必要性

結論：持続可能な開発にむけた世界的な課題

1－3－1
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  Climate Chaltge aitd Nuclear Pewer's Future
             Jean-MarieBotirdairei

              John Paffenbarger2

Office of Long-Term Cooperation and Policy Analysis

          International Energy Agency

Presentec{ at {he Annual Conference of the Japan Atomic I

                 Tokyo, Japan, 9--l1 April 1997

ndtisti-ial Foruin

ABSTRA CT

il'he poten{iallmpact of energy use on the earth's climate is a subjec{ of increasing international ii'nportance.

'rhe meeting of the pailies to the Framework Convention on Climate Change taking place in Kyoto, Japan

in I)ecember l99'7 will atteinpt to set out a real international plaB for curbing ei"nissions of greenhouse gases.

Ii} a gTeneral sense, and regardless of the specific outcoine of the Kyoto ineeting, if emissions of carbon

dioxide are to be curbed there mus{ be sorne recognition of the value of producing less carbon dioxide from

cner.g,y use. Market oriented plans uslng tradeable perrnits or offsets are possible means of recognising this

viilue.

Workable policies to cljrb carbon dioxide emissions from energy consumption i'nust take into account the

sectoralcharacteiastics ofenei-gy use. This papersummarises sectoral and regional patterns of energy use and

ldentifies the potentially impoitant role of power genera£lon and nuc}ear power generatioR in providing.

oppoitunities to reduce carbon dioxide production. Developmen£ of a carbon value would change the results
efin{eifuel competition, {ending to favour lighter (less carbon intensive) fossil fuels and panicularly natural

gas. In the long term, power plants based on nuclear and renewable sources of energy could be favoured

because, in contrast to fossll-fuelled power plants, they are unaffected by any potential carbon value. Nuclear

power woulcl provide a liinit to carbon value by provlding a }arge source of carbon dioxide einissions

reductions. Stiil, there are a number of policy constraints on nuclear power which would have {o be Ioosened

before it cotild play a significant role contributing to future enei-gy supplies. First among thei'r; is the public

willingness to accept new nuclear power plaHts, or even an extension of the lifeti rnes ofcurf'ently operating

plan{s. Solving the political problem of what to do with spent nuclear fuel is a key element of this. Plant

desig.ns that are seen to be safer than current plants also preseR{ a technical step jn the right direction. In the

H}tei'national con{ext, a key issue is ensuring that any expansion of civilian nuclear power does not lead to

proiifera{ion of nuclear vveapons. The desire to reduce carbon dioxide einissions will not lead to greater use

ofnuciear powet', even if it may be an economic so}ution, ifsome of the non-economic impediments to lts use

are not removed in the coming years.

I Director. Office of Long-Term Co-･operation and Policy Analysis (`LTO')

2 Administrator, Energy Diversification Division. I.TO
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This. December, in Kyoto, JapaB, the Conference of the Parties to the Framework Convention on Ciimate

Change will meet to ti'y to establish a real international plan to curb emissions of greenhouse gases. Pasl

limits on greenhouse gas emissions have been non-binding and will have been met in only a few countries.,

Ifthe Kyoto conference does result in agreernent on how to restrain the growth in greenhouse gases, tlae power

generation sector will become involved in its implementation because of power's large contribution to carbon

clioxide emisslons. Power generators could be asked to provide tl3e same amount of electricity while

producing less carbon dioxide. This potential requirement to reduce the "carbon intensity" of power

s.eneration would erode the competitive position ofcoal- and oil-fired power generatlon compared {o powcr

.crenera{ion tising Ra{ural gas. In the Iong term, it could ma}<e power generation from all fossil fuels ]es. K.

competitive compared to to nuclear and renewable sources of electriclty. This paper explores this ldea fur(her,

Firg. t. the past patterns of energy use in the OECD are described. From these, the likely trends in electricitx･

demandareout]inedlnthecontextofoverallenergydemand.Next,thepotentialiinpactsofafir'magreement

at Kyoto are described, pa}ticulai'}y the change in patterns ofin{ei'ft}el competition in energy--related service:

and electrici{y generation that would result from restric{ions oB carbon dioxlde emissions. The paper

concludes with the political chailenges that face nuclear and which must be addressed before any poten{ial

economic advantage l"nay have due to climate change concerns could be realised.

As an internatlonal organisation without strong links to any single national point of view, ye{ one in close

contact with the realities of energy policy and eRergy markets, the Interna{ional Energy Agency (IEA) ha: a

unique point of view in the climate change debate. The IEA {s aR authoritative source of national energ>'

ftatistics and informatioB f]or OECD countries, data upon which policy analyses mus{ draw if their

consecluences are to be correctly understood. The IEA 1ias been involved in the debate and discussion on

climate chan.ae primarily by providing analyses of the potential effects of policies that mi.aht beimplementcd

un(ler the climate change convention.

SectoralandRegionalPatternsofEnergy{Jse v

What can past patterns of' energy use tell us about our future appetite for energy? And what did the oi1 sliocks

ot' the I970s reveal about the potential for changes in energy use patterns in response to price increases?

There are severa] conclusions:

e the link between energy use and macroeconomic activity is strong. As national incomes

increased, energy use hasincreasedin a nearly constant relationship.

have

e the oil price shocks inci'eased energy prices substaRtially, but no{ enough or long enough to chanLJe

this basic relationship.

1

]

l)irector, OtTice ot' Long-Term Co-operation and Policy Analysis (`LTO')

Aclininistrator. Energy Diversification Division. LTO
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.

{here ai'e, however, differences in patterns by end-uses. Sta{ionary fossil fuel uses such as space

heating and industrial uses have becorne less energy intensive since the 1970s, while electricity and

fransportafion eRergy uses have remained in nearly constan{ re}ationships with incomes.

.

there are also large differences by world region. The most iinpoilant is the increasing share of energy

consump{ion ou£side the OECD.

Secioral Trends

trhe differences in energy use pattems by sector must be taken into account when considering the poten{ial

knpact ofclimate change policies. Figure l shows the growth of energy use in relation to total gross domes{ic

pi･odtict in IEA couBtries froni 1960 {o l994. Figure 2 shows the corresponding data for the world as a whole

from l971 to 1994. Total energy use has been categorised into the three end-use types mentioned above:

s{a{ionary uses of ener.cTy, ener.ffy for transportation, and electricity. Each of these represents a demand for

encr.gy-related services rather than prii'nary energy. Differences in the growth of energy use in each are

cviclen{.

The consump{ion of fossi1 fuels other than in electric power plants or in transportation, so-called stationary

enct-uses, includes industrial, agricultural, commercial, and residential energy uses. Of the three primary

e"ers.y-related services, only stationary uses have not increased steadily with national income. This i'nay be

iit{ributed to a ntiinber of factors, inost iraportantly improved energy efficiency in industrial and residentlal

uses, accen{uated by a structural shift away from energy-intensive inclustry and corresponding increase in

income share from services. Changes in energy use and location of steel production worldwlde provide an

extunpie ofthese factors.3 In many instances, this end-use involves {he production of heat for space-heating

or pr()cessing, whei'e energy cost may represent a signiflcant fractioH of the total final service cost. In such

enses, end-use demand is sensitive to the price of energy, and energy use decreased in response to price

increases. Substitution of' electi'icity for fossil fuels and changing patterBs of residentia] energy use also

iiecount for par{ ofthe change ln energy use in this sector.

r
, See "The lmpact of Structure, Technology and Location: Energy Demand in the

Sector," chapter 6 of the IEA "World Energy Outlook, 1996 Edition."

Iron and Steel
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Figure I. Evolution ef gEA ERergy Demand by ERergy-Related Seryice
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In contrast, transportation and elec{ricity have increased steadily in line with incomes. Use of energy fOi'

transport has grown almost liBearly with real income, although there was a srnall but noticeable readjus{nien{

at'ter the 1979 oil supply disr¥ption. Increasing levels of {axation on transportation fuels, promotion of mass

transi{, and increasing fuel efficiency of personal automobiles have not notably altered t}ie gross pat{ern Of

energy use in transport. Perhaps the single most important reason explaining this is that there are few cost'

et'fective substituteg forindependeBt mobility in vehicles powered on petroleum fuels. Vehicles relying upO;i

electricity or na{ural gas are toclay more expensive on a life-cycle basis and account for only a tiny fractioi}
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ofoverall energy use fOi'  trtMSpoi'tatioB･ Further, tlte price of transpoi'tation fuels,in real temns, has no{ risen

,i:.,nificantly higker {oday its price befo!'e the oil shocks. In inany cotintries it is in fact lower. In addition, ftiel

1,i;a propoilion oftotal automobile i'ttnning costs is typically less than oBe {hird the cost of running a persoBal

,,ekicle, so {he iMPaCt Of ftiel price changes is daminished.

}.,･lectricity clemand }'ias also Tnaintained a steady re}ations}iip witlt income. IB nearly all end-uses, tliere, t]as

been a substitutioB of fossil fuels by electricity, driveB by the cleanliness, ease-of-use, and compet{tive

econoinics of electricity at {he polnt of consumption. The steady penetration has been made possible by real

sectt-icity prices which on average have remained the same over the last decade. The period from                                                                                l975 to
sga sa", a period ofincreaslng prices which reached 30% higher pi`lces at its peak, and this was followed

hv n rettirn to previous price levels by 1983. This period of increased electricity prices did not lower

tlectricityinteBsi{y.

k}s{allecl power geiieration capacity has risen steadily {o meet the growth in demand. In 1994 the OECD

#verage stood a{ about 1.8 kW per capita or lOe kW per thoLisand l990 dollars of .crross domestic product.

'rhe latter has remained constan{ over past clecades, as suggested by Flgure 1. Acknowledging these flgtires,

the IEA's World Energy Oedook prQjects installed capacity to increase by over 25% in the OECD and 12092･

in the i'est ofthe world by 20IO.

Regioizal Trends

Thc ptit{erns of energy use vary not only by sector, but by reglon. The most impoitant trend is that the

oECD's share of wot'ld energy consumption is decreasing. The economies of OECD countries are growiBg

relatively slowly compared to many developing country economies, particularly those oftlie dynamic Asian

re.gions. Average growth ln ChiBa, East Asia, and South Asia averaged 7.5% over the las{ decade, while in

{he res{ of the worlcl it averagecl 2.4%. With rapid economic development comes rapid growth in energy

COIISttMPtlOl].

Somewhere between two-thirds and three-quarters of the growth in world primary energy demand over l993

to 20le is expected to take place outside the OECD. This is due not only to strong economic growth and

indus{rial expansion, but also high population growth, increasing urbanisation, and substitution of {raditional

or non-commercial fuels by coimnercia} energy. In many cases fina] energy demand is increasing from a

rclatively low ]evel. Although final levels caRnot be accurately known, the difference in demand forenergy-

i'¢lated services between OECD and non-OECD countries caB be expec{ed to steadily decrease.Irorexan3ple,

in maR>t coun{ries car o",nersl3ip levels are increasing. Domestic electrical appliances are becoining more

col)ll}lon.

The s.rowth in energy demand for the power generation sector is likely {o be based on coal to a much grea{er

ex{ent otitside of OECD cogntries. Particularly in countries without access to pipeiine natural gas or with

relatlvely poorly developed natural gas supply infrastracture, coal-fired power generation is Iikely to dominate

capttci{y additlons. In the OECD, combined cycles fired on natural gas will account for the larges{ fraction

ol' baseload capaclty increase.

The regional clifferences in energy demand rnean tlaat patterns of growth in carboB dioxide einissions vvti]l

ditTer by reglons. They show the critical importance of non-OECD economies in eventual po]icies to curb

emk sions of greenhouse gases. As an exainple, emissions of carboB dioxide from ChiRa alone are expected

ii}crease as much as {hose froin the whole of the OECD in {he perlod 1990 {o 20lO.
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Implicatioiis ,fo r Climate Change Policies

Thc trends describecl above suggest lessons for the debate on clima{e change policies. Tltey are that:

e Any policy that significantly an(l permanently increases the price of fossil energy would, as (he oil

shocks, lead to changes in energy use that differ by the service i£ provides.

e Stationary fossil fuel use, primarily non-electricity industrial energy use and demand for hea{, is

responsive to short term price changes. In the longer term energy efficiency improvements and

evolution towards a lower share ofindustrial demand have in the past had a large iinpact on e}}er(.-.,v

                                                                         L;intens. it>t in this sec{oi-.

e Transport energy demand ancl electricity demand have showB a s{rong positive link wi{h national

incomes btR are less sensitive to short-terrn ener,cr,y price lncreases.

e Policies inus{ lnvolve all countries, notjust OECD countries, because of the large ,cr.rowth in enei4gy

consumption outside of the OECD.

lt is difficult to quantitative]y predict potential effects of long-term fossi1 fuel price increases. Past prices ot'

energy for transport and electricity have seen modest or no real }ong--term increases in many countries, and

s. o do no{ necessarily provide a full basis for quantitative predictions of future ener,cr,,y demand. However,

demand forboth energy-related services certainly depends upon price, ainong other factors, and increases in

the service prlce for could be expected to reduce derrtand for{hem. Prices increases in transpoilation ftieh

would probably have little near-tert"n irnpact on the fuelltechnology choices for transportation, because toclay

there are few economic alternatives to fossil-fuelled vehicles.

UnHke other energy--relatecl gervices, electricity demand is not linked to a prlinary energy source at the point

ol' use. That is, primary energy is transformed into electricity, today mainly in centralised facillties. This

provides a flexibility ln {he energy supply systera which allows pri}nary energy sources {o be chaBged while

niaintainin.a end-use equipment unchanged. The efficiency of electricity production may also change in

response to fuel price changes, while end user prices are only indirec{ly affected. Shifts in the compositior}

offhe primary energ>i fuel mix for electricity generation do Bot re(luire modifications to equipment forthe

ultiinate service provided by elec{ricity.

ln electrici{y generation, the fue] mlx has changed in order {o minimise productioR cos{ as fuel prices chtmge.

This has been observed in practice, forexample since the 1970s as the share of oil-fired power generation

deci'eased and nuclear's share increased. The competitive economics of gas-fi red power genera{ion have led

to its rapid ir}crease in inany cogntries. Thanks to such structural changes in power generation, increases in

the final price of electricity have beeh moclerated even as the economics of underlying interfuel coinpeti{ioEi

have changed over time. This has tended to maintain the relatlonship of electricity consumptioB and national

lllCOIIIeS.

Climate Change Policies and 'E'heRr PoSentia# Effects on Electricity

Pailies to the Framework Convention on Climate Change have beeB discussing and debating policies to ctH'b

.greenhouse gas emissions since 1992. Under the 1995 Berlin Mandate to the Convention, certain parties tO

the Convention are to develop "quantified emission limitation and reduction objectives" which woul(l

effectively Iimit or reduce national emissions of greenhouse gases to arrive at a g}obally soe.crht target aftei'

2000. Some parties have suggested that stabilisation of their ei:nissions at I990 levels will be acceptablet

while others believe tha{ cti{s below these absolute levels of einissions will be requlred. Tlte details of ac{Litil

policies {hat would mee{ {hese objectives are complicated by issues of equity among countrles, differentiatiOii
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,,f objec{ives accordiBg {o national situations, timing of policies, and the practical matters ofimplementation.

,xs {he third ConfereRce ofthe Parties approaches in December l997, there has been a grea{er einphasisin

ixt,IE,9.g?,i'l9,8axi]e,!'S,e,a,meth,:i;wwIP,Zi,i:!?B,M.g{h,Ub,8.2me,ee".O,f,2"Y2`.gT},ig/jerg8f,g"I,'e?gh,R,"g?.,'/iLs,fig

g v:tlge oi'  emittiiig them in their economic planning and decision making.

ef-ke fi kely details of an i}itemational agreemeRt to resultfroin Kyoto are not yet known. But it is clear that

feal conmiltments {o reduce ernissions of carbon dioxide and other greenhouse gases would effectively place

:.i vtilue on iiot producing theiT}. This has been recognised since the early stages of the climate change debate.

}:mlssions li}nits at the level ofindividual producers such as power plants or automobiles would implicltly

place values on carbon dioxide emissions. Market-based policies would make the value explicit. In the case

(g' c2u-bon clioxide emissioBs from fossil fuel use, we may speak                                                about a "carbon value" or {he cost to energy
vsefs {o emit carbon dioxide. (Equivalently, this may be thought ofa value to no{ einit{ing carbon dioxide.)

'ikis xfii]ue is toda>, i}}dependent of the corr}mercial}y determined fuel energy consent.

p(Z7"ei･ences Ainong Energy Retated Seryices

lfincleecl market--based lns{rLunents are chosen to mee{ the objectives of the climate treaty,ln principle the

carbon value will be the same regardless of end-use, sector, or the technical details of processes producing

carbon dioxide. The effect tipon individual energy end-uses is dit'ficult to predict with certainty - in fact {his

is precisely why market-based solutions are preferred by many economists. Rather than relying on centralisecl.

coniniand and control i"neasures iB specific end-uses, marl<et--based solutions can be expected to adjust energy

u:e pat{erns across all end-uses in a way which minimises {he overall cost of ineeting the emissions goals.

iloweveiz some general obgerva{ions can be made on the likely effec{s of establishing a cost {o emit carbon

dioxide.

'l'he i'ollowing f'ac{ors are among those that will affect the price of eBergy-related services as a function of

car["}on value:

e {lie t'uel price IRcrease clue to carbon value;

e the f"raction of servlce price that is fuel iRput;

e the ability to use fuels with Iower carbon content and, hence, lowerincremeB{al cos{ increases due

{o carbon value (availability ofsubstitute processes or equipment providing the saine service);

e {he rate at wi3ich substitute processes or equipmen{ can be introduced.

(}enerally the denser the fuel, the higher the carbon content and the liigher the production of carbon dioxide

1)ei' tmit of ftiel energy. So a uniforiJn carbon value would result ln frac{ional price increases that vary by fuel,

ii: shown in Table l.

rvI'he cost of providing energy--related services using the existing mix of processes and equipment would rise

iiCcording{otheparticularfuelusedandthecontributionofenergytothefinalprice.Forexarpple,uslngthe
liLJure f'rom Table l for .aasoline, the cost of providing personal mobili{y would rise by very llttle. The

l)i'eK･ umed carbon value does not result in a large gasoHne price lncrease and, fui'theri'nore, gasoline's fraction

Oi automobile Iife-cycle expenses is typically less than one third, so the net effect on total costs is quite small

(2`>? × 30(% = O.6%). In contrast, tlae effect of the same carbon value on the cost of providing an end-use

US]ng coal coul(l be much higlier. Table 2 provides several illustra{ive valties of the ratio of fuel cost to total

l)l'ecitlct cost.
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Fuel

r]rable l . Effect of CarboR Value ef ][.JS$ 20 per [Sonne oR Energy Prices

steam coal

lieavy t'uel oi]

natural tJas (industr.i,i)

]ight fuel oil

 L
gaso]ine
L

IEA electricity (eqtaiv.)

SOUI'CCI

Noteg.: "'

  Carben
  Content
(tonne C/toe)

 l.13

 O.88

 O.63

 O.79

 O.85

-i- l.30
's'

l995 Avg.

IEA Price
(US$ltoe)

 g64

 141

 112

 2. 60

-l･ 839

IOS8

]EA Energy Pvices and Taxes, Secretariat calculations

tl/t

   Price
 Increment
   Due to

CarboR Value
  (US$/toe)

23

18

13

16

17

:II 7

Frac. Price

Increase due

 to Carbon

  Value
   (%)

36

12

11

6

2

 1

 EIectricity consumption releases no carbon dioxide at tlie point ol' use. Average carbon content ot

electricity is calculated based upon average carbon dioxide emissions per unit ofIEA electricity

production. Similarly. price increment is based upon increased production cost passed through to

l'inal consumer. assurning no change in generating plant mix. Fue] is assumed to represent one

quarter ot' total electricity cost on average throughou{ OECD,

S Average steatn coal price excludes Germany

'IHGasoline price assumed to be O.70 US$lli

Tab]e 2. Fuel Cest as a Fraction of Total Product Cost

Equipmeii{

automobile

l'eliiLTel"atOl'

   L
pov-,er plant

poNA,ier p1ant

space heatin.g system

e]ectric lnotor

N. ote:

Energy Source

gasoline
L

electricity

coa]

gas

nEltul'El] gas

electricity

Values are i]]ustratii,,c only.

Product

kilometres travelled

l'etl'ISTer21tlOn

electricitv

      v
electricity

space heating

Illotion

    Fuel Cost1
Total Life-Cycle Cost

30%

40%

50%

70%

70%

90%

lf an energy-related service may be provided usiRg a different ener.cry source having a lower {o{al cost,

including the carboR emission cost, the effect of a carbon valtie would be to encourage fuel switching. This

will tend to i'r}lnlmise cost increases clue to a carbon value. Imnany instances, however, it is not possible to

switch energy sources from among fossil fuels. This is partlcularly the case in the transport sector, where

almos{ all energy constm3ption in road, marine, and aviation uses is without any close economic subs{i{ute

to refined petroleum prodticts. Similarly,in stationary energy end-uses outside ofindustry, it is often the case

that few economic alteinatives exist to allow intei'fuel competition. Examples are agricultural machinery anCI･

in areas without access to a natural gas grid, space heating.

Inclus{rial energy uses and electricity production are notably different from other energy-related services with

regard to their poten{ial for fuel switching. This is because energy typlcally accoun{s for a Iarge fraction Of

final product price, and the quantities ofenergy used are sufficiently large to warrant dedicated infrastructure
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{o deliver that energy. The ratios of carbon dioxide emissions from coal : petroleui'n products : natural gtis

us. in OECD industry are l:2.2:1.9 and in OECD power genera{ion are l:O.2:O.2. In the rest ofthe

woi-kf. these ratios both for industry and power generation are about l : O.3 : O.2. These values indicate tha{

tk, rL is large scope in both sectors, pailicularly power generatlon, for a shift towards ligh{er fuels if carbon

,･altics and ftiel availability make it econoinically feasible. The close prices of heavy fliel oil and natural gas

in inany niarke{s and existence of fuel-switching capability in both industrial and power sectors also sggges{

iha{ deve]opinent ofa carbon value would lead to a shift towards natural gas.

po",er 6eneration and Carbon-Free Energiy Sources

power generation would be strongly affected by limits on carbon e}T}issions or an explicit carbon value. I{

accounts for roughly one third of all emissions of carbon dioxide, both in the OECD and worldwide. Fuel

cos{s typically account for 50--80% of final cost of electrlcity, depending on the fuel and the capacity factor

ofthe plant. It is also the single largest coRsumer of coal, whose final price is i"nost sensitive to a carbon

N･alut. Power generation is unique in that it rnay use energy sources that produce no carbon dioxide ancl whose

cconomics therefore would be tmaffected by a carbon value arising froin carbon dioxide limitations. These

are of couyse nuclear and renewable energy, including hydroelectric. Because of the above factors, power

.gLneration po{entially offers one of the largest sources ofcarbon dioxide reduction among the three main

energy--related services.

Fis.urL 3 shows the effect ofa carbon value on the competitive position of fossil fuelled power generation Emd

carbon-free power .aeneratlon, including their capital costs. The figures are based upon the actual average

pricLs ofcoal and natural gas for power generatioR, and assume a cost of electricity differential coi:npared to

coal of209?] forngclear and 40% for non-hydro renewables. Although in practice fuel choices will be made

by utili{ies based oR their individual commercial situation and local pricing of equipment and fuels, it is clear

l'rom {}ie figure that introduction of a carbon value could significantly alter the competitive position of fi rst

eoal. then gas-fired power generation with respect to nuclear power and renewable power. Further, the carbon

value a{ which the competitive positlon of the different fuels changes differs in each region and in eacli

cotllllry.

Figure 3. Effect of CarboR Value on Power Generation Choice
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ln countrles with access to pipeline natural gas, gas-fired combined cycle gas turbines are typically the optioi}

providing the lowest cost of electricity for baseload power generation. They also have the advantage of

releasing the least ainount ofcarbon dioxide per kWh of any fossil-fuelled op{ion, both because of theiruse

of a low-carbon fuel and theii- high generation efficiency. These characteristics render them £he Ieas{ sensitlx･e

to a carbon value ofthe fossil-fuelled options. Se, while the introduction ofa carbon value would increaK. e

their production costs, this would improve their competitive position relative to other fossil-fuelied optlons

and still leave them as fot'mldable competitors to Ron--fossil generation options. The value of carbon wou]d

have {o rise to 200-300 US$ltonne for nuclear power to be competitive with gas-fi red power generation Lmder

the assui"iiptions of{his illustrative calculation.

Inftar}( contrast, coa]-f'ired power generation costs clearly would rise to the level of nuclear power at mueh

lower levels of carbon value. Carbon values of 25-35 US$ltonne would bring nuclear powerinto competj{ion

with coal-fired power, wliile carbon vaiues of 65-1OO US$ltonne would bring non-hydro renewables into

competition with coal. Regardless of the precise figures, coal-t]ired power generation, even wi{h advanced

technologies such as coal gasification coinbined cycle power plants, will becoi'ne tmecoBomlc comparecl to

nuclear or renewable power wel1 before gas-fired power production.

Thei'e are clifferences in the results ofintei'fuel competitioR in the loBg term versus the short term. The abox･e

considei'ations, which {ake into account the cost of capital in power production, relate to Iong-term

(huel!tecltnology choices to miniinise electricity productioR costs. In the short tertn, interfuel competition

wou]cl lr)e cons{rained by the exis{ing stock of power production technologies and the rate at which i{ wat

economic to convert it or renew it. In those plants where switching to a less carbon-intensive ftiel were

technically possible, a carbon value could result in making the switch. Plants whose fuel sources could not

he economically switched would tend to be operated at lowercapacity factors. For exainple, coal-fired plaiits.

which typically provide baseload power, could move towards load-following service given a sufficiently large

carbon value. Nuclear plants,in the near term, could not play a significant role in adjusting to a carbon value

sincc they generally are opera{ed af their maximum capacjty aBd coulcl not provide much incremental output,

These realignments ofcompartitive power generation costs would depend on the costs and availabllity ofeach

ofthe energy sources iR a local context. A basic precondition for interfuel competition and switching is the

access to the less-carbon intensive energy supply. If, for example, natural gas is not available excep{ by

ii"port of relatively expensive liquefied natural gas, a Iow carbon value might no{ have an impact on the

results of gas-oil or gas-･coal interrftiel competition. Similarly, if na{gral gas is not available locally, a carbon

value could cause a shift frofi} coal-- to oil-fi red generation.

We may conclude from the discussion above that restrictions on carbon emissions jn the power sector, either

with implicit or marke{-based r'estrictions on carbon dioxide emissions, could place coal-fired powei'

generation at a significant cost disadvantage, while favouring first gas-flred power, nuclear, and ultimately

rcnewables. The results ofinterfuel competition in the near term depend on {he availabllity and price of fuels

in local mtirke{s. In markets where gas is currently competitlve, it could remain so at carbon values whicl}

increase gas price by a fac{or oftwo or more. However, in the long term nuclear power and renewables place

a llmit on the level to which carbon value could rise, since theircosts do no{ rise as a function of carbon va)ue･

Market Determination qf Carbon Vdlue

As no{ecl earliet', ti value attached to the emissions of carbon dioxide (carbon value) would result from biBdin.g

rcstric{ions on emissions ofcarbon dioxide, or greenhouse gases in general. If emissions limits were allocated

ttmong sec{ors,cos{s of reducinga einissions would be unevenly distrlbuted. They would, however, stiIk'esLdt

in changes in the coinpe{i{ive position of different fuelltechnology combinations to provide the same energy-

reiated service. For example, coal woulci bear a heavier economic burden in all sectors. CarboB v2ilue woulCi

he implicit and would vary, perhaps greatly, by sector and by end-tise.
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of} the other hand, if emissioBs limits were implernented in a market-based system, carbon value would be

cle{efmined by the classic balance of market supply and demand forces. It would be uniform among all end-

uses. drawing first on those end--uses having the least cost to r"educe carbon emissions. As the reqgiremgnt

                    grew, ipore expensive optioRs could be called upon. The carbon value would nset'er emissjoiis reductions

:.iecordingly. On the demand side, increases in the cost of energy-rela{ed services wogld also have an effect.

                                                                      would decrease and.As the cos{ of reducing emissions were included in prices to end users, consumption

colltribtlte fO l'eStl'EliniTlg emissio13s growt}1.

certain ftielltechnology op{ions would establislt limits on carbon value until the full extent oftheirsupply

could be absorbed. They would depend on local market condi{ions, including fuel supply. Foi' example,

feplacliig heat-only heating systerns by cogeneration heating systems might provide a supply of relatively

in¢xpensive carbon dioxide reductions without necessarily switching the primary ener.cry input. In a heavily

grbanizecl area or cold cotmtry, this could conceivably supply emissions reductions equal to, say, several

percent.

,tx niore expensive source of emissions reductions might be industrial or power generation fuel switching iB

cxls{ing plants. A less expensive switch would be from oil to gas, since the difference in thelr prices is smalI

itv"any marke{s. A tnore expensive switch would be from cQal towards oil or gas. This is a much larger

potentlal source since swi{ching from coal to oil alone accounts foi- a 20% reduction ln carbon dioxide

emisslons assuming the same efficiency of energy use. Switching to natural gas results in about a 40%

rcduction in carbon dioxide emissions. However, the carbon value at which switching would be economic

from fl}e energy user's point of view would correspoBd to the price difference between tl"te two fuels without

{he carbon value. Coal prfices would effectively double with a carbon value that made switching econoinic in

existing plants.

In new industriai or power facllities, where the capital cost must be taken into account, the choice of natural

gas is often the mos{ economic even without a carbon value. As old facilities are replaced by new ones.

natural gas may provide a larger share ofenergy supply. This would provide a relatively inexpensive source

oi' carbon reduction. The relevant calculations for new power generation are illustrated in Figgre 3. In

summary, switching {o lighter fossil fuels represents a relatively large source of potential reduction in carbon

dioxlde etnissions. In a market-based approach to limiting carbon dioxide emissions, fuel switching could

be expected to se{ a series of liipi{s on carbon value until most fuel switching opportunities were exhausted.

In {he long run, continued worldwide economic growth could be expected to lead to substantial increases in

¢nergy demand. As energy consumption increases in end-uses that do not have close economic substitutes
i'or fossil fuel use - among which transportation figures rnost prominently - the need for deeper reductions

in carbon dioxide emissions in other end-uses would grow. Carbon-free energy sources would ultimately

provide a technically litnitless source of carbon dioxide reductions. They would also set the economic limit

(o carbon value.

The largest sources ofcarbon-free energy are presently concentrated in electricity production: nuclear power

aBd power generation froin renewables. Any future carbon value would not itself alter the economie

¢ompetition between them Rather, technological deyelopment is the route by which nuclear or renewables
will ultit'nately provide electricity at the lowest cost. On the basis of today's estimates of costs, nuclear power

iias an advantage compared to renewables in many markets. Nuclear power would, by providing the limlt to

earbon value, inevitably grow to meet the requirements of less carbon dioxide emissions in energy use.

This conclusion sepposes that economics would be the deciding factorln the selection of nuclear powerin

fU{ure energy developinent scenarios. :Irhis is not by any means a supposition that will hold true. Nuclear

POwer faces challenges beyond economic competitiveness which mest be met before it can contribute to the

NX'orid's fvtu re energy suppjy, with or without the effects of restrictions on carbon dioxide emlssions.
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A I'otential Deeline in Diversity ofEnergy Supply?

Since the oil shocks governments have been particularly coricerned about energy security. Their general

concern has been to reduce the potential economic consequences of a disruption in energy supply. The factors

teen as having the potential {o cause supply disi'uptions include technical failures, such as {he rupture ofa

pipeline, failure to mobilise long-{erm investment at a rate commensurate with demand ,a,rowth, or poli{ical

disruptions of fuel supply. A fundamental measure to promote security is to diversify energy sources such

thateachpi'ovidesasmallerpropoitlonofsupplyand,hence,hasasmallereffectifdisrupted.Diversityn)t",

rcferto the ntunber of proclucers. the number of transpoit op{ions, the number of supplylng countries, or the

Tiumber oi- di(-fereTit fuels,

It is the ]a{ter {liat niight cause concern if energy use shiftecl towards lighter fossil fuels in order to redLice

carbon dioxide emissions. If. for example, coal use diminished substantially and primary energy use sh"'ted

{owarcls oil and natural ,a,as, the diversity of fuel inputs would be decreased. The potential effects ot' a

dif rep{ion in oil or gas supply could be potentially greater for regions heavily depende-t on these fLiels as

their primary eneygy sot}rces. k) the long term, reliance on renewable energy could raise siinilar concems.

Nature's supply of energy is not always constant, as droughts may reduce hydroelectric output, wiBds may

calm.orinsectsmaydevouranenergycrop.Whethertheresukofres{rictionsoncarbonemissionsresul{ed
in a shift to ligh{er t'ossil fuels or carbon-free sources of eBergy, there is the potentlal concern that ei}ei'g.>i

diversky could be reduced.

The desire for energy securi£y could give some advanta.cre to nuclear power. In fact, the desire for ei]erg>,

sectulty was an iinpoilaB{ force in the rapid developmeBt of nuclear power after the oil shocks of the 197(}g..

Considering the supply of uranium to be sufficiently diversified that lts supply should not be subject to lo"g-

term in{erruption, countries have tended to regard nuclear as an "indigenous" eRergy supply which con{ributes

to diversii'Nication ofenergy stipply. In the past this meant diversification ln relation to fossil fuels, and i!} the

t"eture this role could be accentuated by a concentration in ligh{er fuels. Could it also mean diversificatlon ii}

relation to renewables? If fossil fuel use diminishes in the future as carbon dioxide emissions are limlted,or

il' f-ossi1 fuel use is concentrated ln lighter fuels, could nuclear help to coBtribute to the dlversity, and hence

:ecurity, ofenergy supply? Ifthese questions are answered positively by market forces or by governmen{

action.the economic position ofnuclear power could be strengthened if carbon emissions are lii'riited in {he

i'tt{Ul-e.

Potitical Challenges for Nuclear

Although nuclear power now supplies about 7% of world total pri mary energy and oBe quaiter of input eRergy

to electrici{y (11% and one third in the OECD), it is not clear {oday tliat these shares can be expanded or even

maintttinecl in the future. Nuclear power has, in the las{ decade, seen a considerable change in its pub]ic

perception, econotnics, and technlcal challenges. The period of nuclear power developinent from 1950 to

l980 might be characterised as one primarily of technical and coi'nmercial deveEopment of the power

tJeneration technology itseltl The froBt end of the fuel cycle. that ls enrichmeBt and fabrication, were also

clex'elopecl in pai'allel.

rl-iie 1978 acciden{ at the Three Mile Island Piant in the United Sta{es and the 1986 explosion of the

Chernobyl plant iR Ukrairie substantially altereCl the pace and focus of nuclear power deve]opment. Safety

in generation, always seen as of fundamental importance, took on even greater prominence. Costs of safety-

related modifications to plaB{ design and operation increased productlon costs, as did increased regulator>'

ovei'sightinsomecotintries,Competitionfromeconomicalgas-firedcombinedcyclesandimprovedcoal-firecl

p]ants also appeared. In parallel, as the ciuantity of spent i'uel increased from operating coinmercial reactorS"

(he need fordevelopnient ofthe back end ofthe nuclear fuel cycle became more apparent. The approachin.･cr-

retirement of some ofthe early plants also cast light on {he need for more specific planning and subs{anti2il
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expenclltures for plant decommissionlng. Finally, baseload power growth has been relatively limited in the

cotin{ries where nuc}ear power has heretofore developed the most. As a result of these trends, today only two

o}.:cD countrles, Japan and France, have active nuclear power programs which expec{ new plants {o be

eonstrgcted aftei- 2000.

-rhe ckallenges facing nuclear power today are both economic and political. Arguably, {he greatei- chal]eBge

ss politica]. The mostlmpor{tint issues are:

.
pub]ic acceptance of nuclear power plants;

"
development of the back end of the nuclear fuel cycle; and

e
assurance tliat civil tiuclear technologies and fuei will not be used for miiitary purposes.

In fac{ {lie firs{two mig}it bo{h be described as one relating {o public accep{ance ofnticlear pewer, because

the chiefimpediment to either reprocessing or long-terrn storage of spent nuclear fuel is essentially political

rtither more than technical. Public acceptance of nuclear power also involves acceptance of related activities

.svch tis ftiel and waste transporta{ion, disposal of low level radioactive waste, emergency evacuation plaBs,

operation of tes{ reac{ors, and many other activities outside the confines of power generation stations. The

violent deinonstrations agains{ reprocessed fuel shipments in Germany in March 1997 and the recurring

peE)lic tittentioR on reprocessed fuel shipments from France to Japan clearly illustrate this.

"Publlc acceptance" could alterBately be desciabed as "demonstration of nuclear safety." Public concerns

Liltimately stem from the fear that nuclear technology and materials could Iead to release of unsafe levels of

i'adioactivity into the environment. In this regard nuclear power plants have shown considerable technological

pros.ress slnce l980 in improving safety through improved design and operational features. The hlstorical

absence ofdangerous radia{ion releases from civilian nuclear power plants in OECD countries }pust be seen

as a prerequisite for future maintenance or expansion of nuclear power in the OECD. New, simplified plant

clesigns involving passive safety features cou]d help both in obtaining public acceptance andjmproving t}ie

econoi"nics of nuclear powet". Such designs have been under development since the l980s and could

po(en{ially be used in aBy new plants.

Concei'ns aboe£ the fate of radioactive species in spent fuel has been a seriousimpediment to development

of adequate plans and facilities for isolating civilian nuclear wastes from the environment. Spent fuel

reprocessing in particular has been impeded by concei'ns about the fate of plutonium and making sure that

i( is not used for military pt}rposes. In a number of countries the issue of spent fuel storage has reached a

K. tag.e of near para]>tsis in public debate, as for example iB the UBIfe(l States. IIrhere, the governn3ent

administration has been unable to develop definitive plans fora permanent high-level waste repository, even

tis thejudiclal branch has been brought lnto play to enforce the now lS year old law requiring such plans. In

Gefmany and the Ur3ited KiBgdom, the sites idegtified as the most likely ones for waste storage face strong

public opposition. Plans for repi'ocessing of wastes have been similarly blocked by safety concerns and, the

las{ of the three main political challenges identified above, the fear of nticlear weapoBs develepinent.

Non-prolifei-ation is a key politlcal challenge for nuclear. At the l996 annual meeting of the American

Nuclear Socie{y, one commentator went so far as to state that {he "sustainability of nuclear power is iR {lie

management of plutonium." This could be trae from both a techiiical and political standpoint. The plutonium

produced ln light water reactor fuel is not directly usable froin speBt fuel elei'nents, but reprocessing {o isolate

E}nd reuse plutoRium imR}xed oxide fael poses a problem with potential diversion for inHitary purposes. The

l970 Non-ProliferatioB Treaty was indefinitely extended aBd s{rengthened in 1995, and the number of pailies

to i{ has grown {o l78. I{ is the main international instrumeBt for supporting the objective of non-

l)i'oEt'eration. Still, it ls not tmiversal, and several cogntries not party to it have active civillan nuclear
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programs. Further, the safeguards it provides must be adequa{ely lmplemented for it to be effective.

Strengthening the functioning ofthe Non-Proliferation Treaty must be an importan{ part of the developmen{

of civilian n#clear power. Nine countries4 initiated a parallel effort in 1994 to establish an interna{ion$

l-rameworktoincreagethetraRsparencylnthemanagemeB{ofplutoBlum.Thefirstagreementofthegroup
was to make public theirinventories of civil plutonium. A wider effort along these lines would also help

adclress {his challenge to the future of nuclear power.

Although the discussion on carbon value indicates the potential economic advantage tha{ mig' h{ accrue te

nuclear })ov,,er ifcarbon emissions are firmly restricted, particularly in the long term,the rnovement towards

competitive tnarkets iT} power generation poses additional challenges for both nuclear power and reiiewable

power in the near terin. Nuclear power has been developed throughout the world in regulatory regimes whi¢h

have allowed utilities {o fully recover costs of nuclear power programs from electriclty consumers. ki

adclition, civilian nuclear technology development has been aided by government programs in research and

clevelopmen{, fuel enrichineBt, reprocessing, and storage. That certain nuclear power plants may not have

5ecn {he most economic generation choices, seems, in hindsi.ah{, to be borne out by discussions of stranded

costs in electrlci{y supply systems that are contemplating the introduc{ion of competition in generation.

Renewable energy today is heavily subsidised in many countries arouncl the world. It faces the same issue of

competitivity that nuclear power does in relation to fossil fuels. In the future it might also be drawn ii}to u

deba{e on stranded costs if renewabie energy subsidies were to be i-emoved. So whiEe both nuclear and

rcnewable power co{ild become more competitive with carbon dioxide restrictions, Iong before fossil fue]s

decrease signiflcantly in use they tnust demonstrate economic viability, without govei'nrinent subsidies, in

moi'e competitive power mai'kets.

Coiiclusions

}'ast patterns of energy use in OECD countries show the strong Iinks between economic growth and energy

use. Policies to address cll}na{e change concerns cannot ignore these llnks. Any ineasures taken to curb carbon

dioxide emissions from energy t}se must also recognise that each energy-related service sector and indlvidua]

eiid-uses will have clifferent options available to reduce carbon dioxide emissions. Each sector and end-tise

wil1 have different costs associated with eiinission reductions.

The IEA believes that open, undistorted markets are the bes{ means to ensure the efficient use ofenergy botk

now and in the future. In the context of climate change policies thls i-emains true. Thus, if firm restraiiit is

agreed ijpon by parties to the cllmate treaty, the advantages of market-based policies to restrain carbon

dioxide emissions are evident. Regardless of the form of poHcies ultimately devised, restrictions on cai'bon

dioxide emissloBs will lead to the developrnent of a carbon value, or a value to reducing emissions.

A carbon va]ue will change {he results ofintertruel cornpetition, tending to favour lighter fossil fuels and niore

efficient power productlon. IR son3e end-use sectors, pai'ticularly transport, there are few alternatives to liquid

petroleum fuels, and a carbon value would have i'ninirnal effect on the immediate prospects for economical

fuel or technology switching. In other sectors, particularly electric power, produc{ion processes can take

advan{age of fuel switching to lower carbon dioxide emissions while minimising final cost increases. Natural

.oas is favoured in the near term, but higher carbon values could ultimately make nuclear power aixl

renewables less expensive options compared to fossil fuel.

Thecoinpe{itivepositionofnuclearpowermightbestrengthenedifmarketforcesorgovernmentpolicywere
to give energy security a renewed importance. A shift towards lighter fossll fuels, particularly a decrease ln

coal's share of primary energy, would tend to reduce the diversity of fuel supply and raise concems about {he

4
 BelE,lium.China.Germany,France,Japan,Russia,Switzerland,theUKandtheUS.
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potential for its.disruption. In the long term, a concentration on renewable energy, which has a natural

                  ,could tend to give a value to theimprovemen{in diversity attainable using nuclearcomporieiit of va-ability

poweT',

A carbon value determined by mari(et forces would be limited by sources of carbon dioxide reductlon

obtainable from various fuelltechnology options. In the near term such limits would relate tQ fue] swi{ching

ainon.g fossil ftiels. In the long-te;in the carbon--free energy sources ofnuclearpower and renewables p}'ovide

an eppei' liiiiit foi' carbon value.

Nuclear power faces political obstacles that must be overcome if it is to provide such a limit on carbon value.

ptEblic concerns about safety, waste storage or disposal, and non-proliferation are critical areas t}"iat mus{ be

addressed. Nelther the nuclear industry nor governments should look to the clirnate change debate to ensure

the future of nuclear power. The desire to reduce carbon dioxide emisslons will not lead to greater use of

nuclear power, even if it may be an economic solution, if some of the non-economic impediments to its use

are not removed iii the coming years.

Should these obstacles be overcome, nuclear power could make an important, positive contribu{ioB to

i-eclucing carbon dioxide production from energy use. Should the Kyoto conference resu}t in firm internatlonal

commitments to reduce emissions of greenhouse gases, a coopera{ive framework forsharing the expense of

these commisments wM inevisably be a part of it In developing countries, where electricjty growth is

strongest, nuclear power could grow within this framework and help in the search for a model of sustaiBable

development.

b
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第30回原産年次大会　パネル討論（セッション1）資料

パネルr代替エネルギーの役割と未来』に対する主張要旨

明治大学理工学部教授　藤井　石根

　「外界や周囲に何らかの作用や影響を及ぼし得るもの」をエネルギーと呼んでいる。

従って、電力やガソリンなどを使うと、環境に必ずや影響を与える。これまで我々は、

石炭や石油など、核エネルギーも含めて、ハードエネルギーと呼ばれるエネルギー源を、

使い放題に使い、かつ、利用上の便利さから、主としてこれを利用してきた。当然我々

の現在の生活環境は、この利用に沿う形で社会システムもライフスタイルも出来上がっ

てしまっている。

　他方、ソフトエネルギーと呼ばれている太陽エネルギーや風力など、自然のエネルギー

は、これを利用することに伴う環境への影響は、ハードエネルギーの場合に較べて、総

じて非常に小さいが、利用面や量的な制約があり、これが嫌われて、これまでそれ程利

用されていない。しかも、先進国と目されてきた国々では概ねこれまでのハードエネル

ギー源を主体とした社会システムやライフスタイルを堅持、でき得れば今後もこの状況

を続けていきたいと願っている。加えて、経済成長が著しい東南アジア諸国も、先進国

が歩んだ同じ道を歩もうと奔走している。

　こうした世界の動きを背景に、

①
②
③

石油などエネルギー資源の急激な枯渇への懸念

ハードエネルギー源の多消費に伴う地球レベルの環境悪化

どうにも解決の糸口すら見出せない多量に蓄積され続けている負の遺産

等の問題が、我々の頭上に重く、かつ大きくのしかかろうとしている。

　それにも拘わらず、世界はこの問題の解決に向けての有効な手だてを殆ど打ち出して

おらず、総じて己の目前の利益の確保に汲々としている。個人のレベルにしても、こう

した傾向が概して色濃く反映されている。

　しかしこうした行為を続けることは早晩、立ち行かなくなることは、明白であり、多

くの人達もこの事を肌で感じ始めている。それでも尚、人は、往々にしてかかる状況下

に己が置かれることはないものと信じ、安心を装っている。しかし、こうした問題が現

実性を帯、それが次第に増してきた時、その時点での解決の道はもはや皆無であること

を我々は知らねばならない。
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そこで筆者は、この場を機に、次のことを強く主張しておきたい。

1）人も含め、全ての動植物がこの世で生存しうる環境を確保する為、

　　ソフトエネルギー源を主体とした、社会システム、ならびにライ

　　フスタイルを1日も早く構築すること。

2）エネルギー源の安定供給、持続可能性を確保するために、より多

　　くのソフトエネルギーの活用を図ること。

3）必要性に応じたエネルギーの選択的な利用を図り、かっ省エネル

　　ギーの徹底を図ること。

4）負の遺産の蓄積、増大を極力抑えること。

5）環境が損なわれた場合に被る損害の程を考慮に入れた経済判断を

　　軌道に乗せること。また「資源生産性の原則」並びに「再生の原

　　則」を我々の経済観念の中に導入しなければならない。

他方、上記事項を実現する具体的な方策としては、

1）炭酸ガス税のような、外部コストの導入を検討する。

H）ソフトエネルギーの活用の技術開発を一層進める。

皿）大量生産、大量消費といったこれまでのやり方を改め、廃棄物処

　　理費用の負担の明確化を徹底させる。

八1）廃棄物の再資源化、再利用を一層進める。

等が当面考えられよう。
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#ptngons seeffninarized fer ake paneg

Dr. Iworne Fusili

 Energy is defined as an ability which caR give any effects or infiueRces to the

surroundings or the outside.So,the environment is always affected more or less

by our consumption of electric power,gasoline and so on.

 URtil now freely abundant usage and handling easiness for user eRable us to

use mainly hard energy resources represented by ceal,petroleum and the

like,includiRg nuclear energy.AccordiRgly,our present life style and the secial

system are all compromised with mass censumption of hard energy resources.

 On the other hand,in spite of less environmental damage by usage of soft

energy resources such as wind power and selar energy,quantitative and handling

restriction in use at a time have prevented our positive utilization of soft energy

hitherto.Further,there remains still strong expectation for keeping the above-

mefitioned situation in the developed countries,'wherebn the peoples especially

iR the southeast countries having recent marked ecoRomical developmeRt also

expect much to trace same process as the develeped countries did.

 Such a global situation is going to bring on the follewing problems heavily and

world-widely:

1) Fear for rapid depletion of hard energy resources especially as oil:

2) Various aggravations for the global enviroRment mestly brought by

  mass consumptioR of hard energy resources:

3) Much troublesome substances being accumulated day by day:

 :the world,however,have stM no effective countetplans to avoid these clifficuhies

aitd are eager for getting immediate profiles in general,which are also refiected

even to the invidual,Most persons have more or less interest in these problems,but

most of them think that they are the last man to encouitter the prospective
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difficulties.

 Anyway,in view of the fact that there is ne way to cure the coming disease for

the environment the author would like to iRsist on the next items here:

      I ) Urgent realization of life-style and social system principally based

        on soft energy resources to keep sound environment where all

         creatures can be alive:

      ll) Insurance of sustainability and stabilized energy supply through

        more soft energy utilizatioR:

      llI) Adequate energy saviRg and selective use of energy:

      IV) Expulsion of accumulation of troublesome substances:

      V) Introduction of economical efficiency involving the estimated loss

        for environmental aggravation:

Concrete measures to realize the abeve items are considered as follows:

     a) Introduction the external cest such as CO, tax and the like:

     b) Further technical development for soft energy utilization:

     c) Establishment of clear-cut lines for disposal cost payer of waste

       materials:

     (D Conversion of mass production and mass consumption to effective

       and saving use of every resources:

     e) Further advancemeRt of reuse and recycling of waste matertals:
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代替エネルギーの役割と未来

財國法人　日本エネルギー経済研究所

常務理事：　　　藤　目　　和　哉

1．第一次石油危機以降の石油代替のトレンド

　日本のエネルギー政策は、第一次石油危機以来、省エネルギーと石油代替の促進を2本

の柱としてきた。省エネルギーは、日本においては、1980年代半ばの原油価格暴落まで急

速に進んだが、1980年代半ば以降原油価格低下に円高効果が加わって経済的インセンティ

ブがほとんどなくなり停滞している。石油代替については、1973～85年度に一次エネルギ

ー供給に占めるシェアが77．4％から56．3％へ21．1％に縮小し、反面原子力、天然ガスのシ

ェアが同時期に1．5％から18．3％に16．8％拡大した。石油のシェアは1995年度に55．8％と1

0年間で0．5％しか下がっていない。原子力、天然ガスは1995年度に22．8％と10年間で4．5％

シェアを増大させたが、そのテンポは鈍っている。背景には石油に対する経済性の優位度

の低下もあるが、原子力の立地難による計画の遅れはエネルギー需給構造の改善に大きな

マイナスのインパクトを与えたことは見逃せない。

2．今後の20年間の石油代替の見通し

（1）一次エネルギー供給

　一次エネルギー供給の増加が1995～2015年度まで年率1．2％（GDP年率2．2％を前提）

とする。石油供給の伸びは年率0。5％で伸び、一次エネルギー供給中の石油のシェアは199

5年度の55．8％から2015年には49．0％と6．8％減り、代わりに原子力、天然ガスのシェアは、

同時期に12．0％、10．8％（計22．8％）、から14．1％、13．7％（計27．8％）へと5．0％、石炭

が16。5％から18．9％へと3．3％増える。

　化石燃料（石油、石炭、天然ガス）は、1995年度の石油換算4億8800万kl、一次エネ

ルギー供給中シェア83．2％から2015年度は、石油換算6億1300万k1へと年率王．1％で伸び

て一次エネルギー供給中シェアは81．6％と20年間でわずか1．6％しか減らない。絶対量では、

化石燃料は石油換算で25．6％も増え、その結果炭酸ガス（CO2）排出量は、25．8％増加す
る。

　このような現象は、原子力開発計画が立地難等で遅れるため（2010年において原子力発

電計画70GWに対し、58GWに止まる見込み）、その遅れ分を石炭、天然ガス、石油火力

でカバーせざるを得・ず、その結果CO2排出量が増える（1990年レベルに対し2010年に30％

増、2015年に35％増）。2010年の海外依存度も政府目標の75．4％が81．7％に止まる見込み

である。

　原子力の持つCO2を排出しない利点、準国産エネルギーであることの利点を計画通り生
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かすことができなくなることは、日本のエネルギー安全保障・地瑚暖化防止蕨にと・

て重大事である。

（2）電力供給

　1995～2015年度の発電電力量は、年平均2．2％で伸びる見込みである。原子力は電気事業

用総発電量中、1995鞭で33．4％であ・たが、原子加こよる発騒も1995～2015鞭で年

率2．2％の伸びに止まり、2015年度における原子力のシェアは33・3％とほとんど変わらない、

これは、政府の原子力目標シェア42％（2010年度）を大幅に下回る。

表 一次エネルギー供給見還し（基準ケース）

199　　蔓

エネルギー 翼　績 20GO 2G◎5 2010 2015

単位 00／94 05／00 10／05 15／10

水力 鐘kWh 685 889 45％ 955 L4％ 955 G．0％ 955 O．脇

＠9） （3・5） （3・4） （3・2） σ・1）

地熱 万｝d 醒 116 1α6暢 137 3．3％ 137 α1鮪 138 0．1劣

（0．1） （0・2） （0・2） （o・2） （02）

石炭 100万t 127 150 3．o％ エ71 Z5％ 187 L7％ ．195 0．賜

（16・O） （ユ7・7） （エ8・4） α＆9） 、（1鱒）

一般炭 100万t 62 82 4．8％ 104 4．9％ 123． 3．4％ 135 L9嵯

（7・1） （＆7） （102）
（h．4） （1L9）

原料炭 100万t 65 68 0．フ％ 67 一〇2％ 66 一〇．5％ 磁 一〇，7儀

（9．3） （鉱0） （8・2） ¢5） σ・0）

天然ガス ユoo万t 45 57 4．1％ 65 λ6％ 69 1．2％ 74 15％

（1G．8） （1：乙7） （玉3・3） （ユ3・3） （13・7）

凍子力 万kW 曙，037 4，508 1．9％ 5，005 乞1％ 5，8GO 3．O％ 6，400 2．0％

（1L3） （1a1） （三Z・3） （13．4） （！4・1）

斬エネルギー等 万憾 640 712 1．8％ 71Z 0．O％ 770 1．6％ 828 15履

（1・1） （L1） （1・1） （ユ・1） （1・1）

石油 億kI 3jz 3β1 一〇．1％ 3．ら8 1．Q乾 3．6G Q．7％ 3．69 O．5碗

（57，4） （5ag） （5ユ・4） （5α0） （49．0）

含計 億k1 5！77 6．24 1．3％ 6．77 1．6％ 7ユ9 L2％ 7．51 o．9梶

ユ。◎．o 三GO．G 100．G 1QO．G 1GG．o

経済成長鞍GDP） 94／854．3 00／94 2．3 05／00 2．7 10！05 z．1 ユ5／10 1．7

エネルギ「℃DP弾性値 0569 0，606 0，584 0518

C（功咄璽GOO万t－C） 336．8 3576 388．1 409．2 423．9

（ユ990＝100） 107．2 113．8 123．6 13α3 135．0

COz排出量／国内エネルギー供給 0．6308 0．6195 0．62GO α6150 0．6371

（100万t－Gqo”圏）

一人当りCOz排出量（t＿α人） 2．7 2．8 3．0 3．2 3．3

ggo魂54

（注）o内は鰯成比：％
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Roles and Future ofA!ternative Energies gn Japan

       Kazuya Fejime, Managing Director

    The Institute ofEnergy Economics, Japan

1. Post-FirstOilCrisisTrendsofOilSubstitution

     Since the first oil crisis, Japan's energy policy has underiined the promotion of

energy conservation and oil substitution as its two pillars, Energy conservation in Japan

has been rapidly in progress until the collapse ofcrude oil prices in the mid 1980s, but on

the wane afterward because falling crude oil prices, combined with the strong yeR, have

nearly dispelled economic incentives, In regard to oil substitution, oil share in primary

energy supply shrank 21.1% from 77.4% to 56.3% in FY1973-85, while the shares of

nuclear and natural gas expanded 16.8% from l.5% to 18.3% over the same period. In

FY1995, oil share stood at 55.89!6, down a mere O.59!6 over the past decade. Nuclear

aRd natural gas increased their shares to 22.8% in }?Yl995, up 4.5% over the decade, but

the tempo has been slowing down. In the background, aside from their shrinking

economic superiority to oil, it can not be overlooked that delays in nuclear development

plans, largely due to siting difficulties, have had a considerable negative impact on the

improvement ofenergy supply!demand mix.

2. 0utlookforOilSubstitutionfortheNext20Years

(1) PrimaryEnergySupply

     On the assumption that primary energy supply grows 1.2%lyear (if GDP to go up

2.2%lyear), oil supply would grow O.5%lyear and oil share in primary energy supply

would go down 6.8% from 55.8% in FY1995 to 49.0% in 2015. Instead, nuclear and

natural gas would increase their shares frorn 12.0% and 10.8% (22.8% when eombined)

to 14.1% and 13.7% (27.8% when combined), or a 5.09!6 increase, over the same period.

Coal share would rise 3.3% from 16.5% to 18.9% during the same period.

     Fossil fuels (oil, coal, natural gas), which amounted to 488 million kl oil equivalent

and occupied 83.2% oftotal energy suppiy in FYI995, would increase 1.1%lyear to 613

million kl in 2015, It means their share shouid drop a scant 1.6% over the next two

decades. In absolute terms, fbssil fuels would swell a hefty 25.6% in terms of oil

equivalent. Asaresult,carbondioxide(C02)emissionsshouldrise25.89!6.

      These phenomena stem from dragged nuclear development plans by siting

difiicukies (only 58 GW out ofplanned 70 GW achievable as of20!O). The gap should

be covered by burning coal, natural gas and oii at power plants without any choice, which,

.ts
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in turn, inevitably boosts C02 emissions (up 30% in 20IO, and up 35% in 2015 over l9go

levels), As of 2010, Japan's overseas energy dependence would be 81.7%, compared

with the government target set at 75,4%.

     If Japan won't be able to use such nuclear advantages as a C02-free quasi-

indigenous energy as planned, it would be a matter ofgreat concern which canjeopardize

Japan's energy security and the government policy to aryest giobal warming.

(2) ElectricitySupply

     In 1995-2015, generated output is expected to grow an average

2.2%lyear. Nuclear was responsible fbr 33.49i6 of total generated output in FY199S,

However, with nuclear generated output likely to grow a low 2.2%lyear between

FYI995 and FY2015, nuclear share would remain almost unchanged at 33.3% even as of

FY20I5. This represents much below 42%, the govemment target (fbr FY2010) stated

in its White Paper oR Nuclear.

            Table PrimaryEnergySupplyForecast(BaseCase)

Energy FYI994 2000 2005 201O 2015
Unit

actual
OO/94 owoo 1O/05 15/1O

Hydro rwM ･68.5 88.9 4.5ele 95.5 1.4ele 95.5 o.oe!. 95.5 O.O"le

(2.9) (3.5) {3.4) (3.2) (3.l)

Geothermal 1O,OOOkl 64 116 lo.6el. 137 3.3ele 137 O.101e 138 o.ael.

(o:) (O.2> (02) {O.2) (O.2)

Coal mil.t t27 150 3.oe!. 171 2.5e!e 187 t.7"le t95 o.gel.

(16.0) (17.7> (18.4) (18.9) <18.9>

Steamingcoal miLt "62 82 4.8"le t04 490!e t23 3･40/e 135 1.9ele

(7.1) (8.7) (10.2} (1l.4) (119>

Cokingcoal mil.t 65 68 O.7"le 67 n.29!e 66 -O.5ele ec -O.7ele

(9.3) (9.0) (8.2) (7.5) (7.0)

Naturalgas rnil.t 44 56 4.lele 64 2.6ele 68 1.2ele 73 1.501e

(10.8) (12.7) (13.3) (13.3} (t3.7)

Nuclear 10MW 4,037 4,508 1.9ele 5,O05 2.lele 5,800 3.0o/. 6,400 2.0"le

(1l.3) (12A) (12.3) (13.4) (14.1)

Newenergies/others 10,OOOkl 640 712 1.8ele 712 O.Oele 770 1.6ele 828 1.5el.

(IA) (1.1> (IA) (1.1) {IA)

Oil 1OOmil.kl 3.32 3.31 -O.lele 3.48 1.oel. 3.60 O.7ele 3.69 O.5ele

(57.4) (52.9) (51.4) (50.0) (49.0)

Total 100rnil.kl 5.77 6.24 1.3ele 6.77 1.6ele 7A9 t.2ele 7.51 o.gel.

1OO.O aoo.o IOO.O lOO.O 1OO.O

Economicgrowth(GDP) 941854.3 OO194 2.3 05100 2.7 1O/05 2.1 t5AO 1.7

Energy/GDPelasticity O.569 O.606 O.584 O.518

C02emissions(m}I.t-C) 336.8 357.6 388.1 409.2 423.9

(1990=1 oe) 107.2 l13.8 123.6 130.3 135.0

C02emission$/domesticenergy O.6308 O.6195 O.6200 O.6150 O.6371

supply<miLt-C/t oi3kcal)

PercapitaC02ernissions 2.7 2.8 3.0 3.2 3.3

<t-Cfcapita)(1990 =2.54)

(Note)Inparenthesisareshares(%).
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Trends iR PrXmary Eptergy Supply

(%)
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        (F. Y.)
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SOurce:Energr Balance Tables in Japan (ED.MC･'lxllTI>

I-5-5



651



タイにとっての代替エネルギー源としての再生可能エネルギー

タイ・チュラロンコン大学エネルギー研究所長

　　　　クルトン・シラババンレン

　1973年の石油危機以降、タイの歴代政府はエネルギーに関わるさままざな機関

と省庁に対し・タイのエネルギーミックスに関する計画に再生可能エネルギーを導入

する可能性を真剣に検討するよう依頼してきた・太陽光・風力・水力・地熱・および

バイオマスがすべて調査、実験され、その経済的成立性が調査された。

　タイの場合、総発電量は1996年9月末までに1，612万9，000kWを記録
し、発電用に各種燃料が使用されている。その内訳は、天然ガス26．8％、燃料油2

5，6％、褐炭20．9％、水力8．3％、ディーゼル4，6％、それ以外に再生可能エ

ネルギーとその他燃料となっている。

　1996年の最初の9カ月間に、タイの電力需要は前年同月比で7．0％増加した。

政府のコジェネレーションを含む再生可能エネルギー優遇政策は民間のSPP（小規

模発電業者）の問で広く知られているが、本稿では現在利用されている再生可能燃料、

およびその発展の可能性の概要を示す。

　たきぎ、木炭、もみがら、およびバガスなどの農林業廃物のエネルギーは、農村の

家庭と小規模工場で広く使用されてきた。1994年には、たきぎによる調理で約7，

150万立方メートルが消費された。砂糖工場で見られるバガスを利用するコジェネ

レーションは、およそ！，500万のバガスを使用したのに対し、もみがらおよびその

他の農業廃物は1994年に推定4，660万トンが燃料として使用された。全国の9

つの州で都市ごみを燃やして発電を行う計画が検討されているところである。さらに、

カッサバ（タピオカ）などのエネルギー作物が将来の小規模発電に有望な燃料として

研究されてきた。カッサバは現在のところ、たとえば褐炭よりも価格が高いため、発

電用燃料としては経済的に成立しないことが判明している。タイ発電庁（EGAT）

は長年、発電用風力タービンを実験している。プケト島にあるサイトは平均風速が5

m／sであり、合計容量が42．33kWeの風力タービン発電機が4対設置されてい
る。

　水力発電は再生可能エネルギーとしては、ずば抜けて大きく、総発電設備容量は2

86万1，070kWである。本稿では、太陽光（PV）のような他の再生可能エネル
ギーの利用の可能性についても検討しているが、今後数年間に、PVは農村電化計画

の対象とならない遠隔地で広がり始めるであろうと思われる。
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Renewables as alternative energy sources for Thailand.

                         Kulthom Silapabanleng

Director, Energy Research Institute, Chulalongkorn University, Bangkok, Thailand.

    Following the oil crisis in 1973, the goverRments ofThailand have commissioned

various institutions and agencies relating to energy issues to seriously look into the

possibilkies of introducing renewable energy into the country's plan for energy mix.

Solar, Wind, I}Iydro, Geothermal aRd Biomass have all been investigated and

experimented and their economic viabilities studied

    For Thailand, the total pewer generation was recoyded at 16, 129 MW by the end

of September 1996, with various types of fue}s used in the electricity generation

namely Natural Gas 26.8%, Fuel Oil 25.69,6, Lignite 20.9%, Hydro 8.3%, Diesel 4.6%

aRd others including renewables as remaining balance.

    The first 9 rnonths of l996 saw Thailand's demand fbr electricity increased by

7.0% over the same period in 1995. The government's favorable policies towards

renewables including cogeneration have been aware among the private SPP (small

power producers) and this paper presents an overview of renewable fuels current}y in

use and their potential development.

    Energy from agricu}tural and forestry wastes namely fire woods, charcoal, rice

husks and bagasse have been used widely in rura} households and small-scale

industries. Cooking by fire-woods consumed some 71.5 million cubic metre in 1994.

Bagasse-based cogeneration, as practices in sugar mills, used approximately 15 million

ofbagasse, whereas, rice husks and other agricukural wastes were used as fuels at an

estimate of 46.6 million tons, in 1994.

    The plan to burn municipal wastes to generate electricity in 9 proviRces

throughout the country is being considered. In addition, and energy crop such as

cassava (tapioca) has been investigated as possible fuel for future small scale power

generation. It has been found that cassava is currently uneconomically viable as fuel

for power generation owing to its higher price than, say, lignite.

    The Electriciey Generating Authority (EGAT) has long been experimenting with

wind turbines fbr power generation. The site at Phuket island has an average wind

velocity of 5 M/S and has been installed with 4 units of wind turbine-generating sets

with £otal combined capacity of 42.33 kwe.

    Hydro poweer generation is by far the largest arnong renewables, with total

insta}led capacity of 2,861.07 MW. The paper also looks at the availability of other

renewables like solar lphotovoltaic), where during £he next several years, PV wM be

more acceptable in those remote corrirnunities which can not be served by rural

electrification programme.
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                         Kulthore Silirpeibanleng

l. cuRRENT ENERGY S:TUATION MN T}YxlLAND

Tha"and has long been regarded as a net energy irqporting country. :n 1994,

as reE)orted by the Depaytment of Eneygy Development and Promotion (DEDp), out

of the total primary enescgy suppiy of the country of 65,82S million tons of

oil equivalent 43ig is imported. Arftong the enencgy impoyted in 1994, crude oil

is the lascgest proportion of aU accounted for 66%, foXlowed by petroleum

pxoducts 30"v and coal 3z.

The contr±but±on o£ domestic energy product±on to the country's energy supply

is due almost equaliy betweenniodern and renewabie enencgy. Themodern,domestic

energy production in 1994 is accounted for 48%, consisting oi 25% natural gas,

14g lignite, 7ig crude oii and condensate and 2% hydropower. Whe renewable eneacgy

takes a greater part of domestic energy production accounted for 52%,

d±stributed into 43eg fuel wood, 7ig bagasse and 2% paddy husk.

Mhe £inal energy consumption by economic sectors is intescesting that the

peircentage use in the transportation sector is almost unchanged and Memains at

37Z, the largest of all, s±nce 1990 till 1994. The manufacturing sector consumes

32% o£ final enencgy, the res±dent±ai and conmexcial 27ig and the rest 4% is

consumed in the agriculture, construction and mining sectors.

Due to rapid economic growth dur±ng the past decade, Thai!and's electric enexgy

consumption has ±ncreased at considerable high rates. The highest increase of

16.5% was in 1990 when the econom±c gxowth was doub±e digits at 10.3%. The

electric energy consumption in 1994 was 62,510 Giga Watt-houys (GWh), an

xncrease of llig fxom prcevious year. The peak

rk birector, Energy Reseaxch rnstitute, Chulalongkorn University, Bang]<ok,

  Thailand.
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generation was almost 11,OOO Mega Watts (Drw). The iRdustrial sector consume$

the largest proportion of all accounted ior 46g in 1994t £ollowed by cornrnerciai

sector 32rg and residential sectoy 20ag. Main souxces of electric energy

production in 1994 are £rom domest±c natural gas accounted for 44rgt fuei oil

28ag, lignite 2ce, hydropower 6g and <i!iesel oil 2ag. A very srnall iraction oE

renewable energy, geotheirmal and solar energyt o£ 1.1 GWh is contributed to

the eiectric generation by the Electr±c Generat±ng Authority of Thailand(EGAw>.

A nurnner oEprivately own and industrial power generating plants are producihg

powey from xeRewable energy sources, such as, bagasse, other agricultural

acesidues and industrial wastes.

2. CURRENT NATIONAL ENERGY POLXCY

The nationalenergypolicywasdraftedbytheNationalEconorn±cand
                      '
Social Development Board for the Seventh Five-Year National Plan period

between 1992-1996 and has approved by the Cabinet to be used as guidelines for

±mplementing the energy development prograrrxs ±n the same period. The five-

point energy poUcies are written as foUows:

         1. To provide energy to meet the demand of the country, with security

            and at reasonal)ie prices.

         2. To enforce the efficient use of energy and energy conservat±on

            measures.

         3. To increase the role of private sectox and to reform the energY

            administacation systems ±n the government sector to become moye

            integrated.

         4. To conserve enviroment and protect the communities fxom the imPaCt

            of energy production and uti±ization.

         5･ To d±stribute well-beings to the rurai area and new economic zOneS

            as a result of eneacgy development.

The National Energy Policy Office (NEPO), acting as the secretariat to the

National Energy Policy Board (NEPB), chaired by the Pr±me b4inister, is the SOie

nat±onal government agency responsible Eor the control and irnplementing the
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country"s energy policies. In executing the enescgy policies, there are a

nuinber oE gOVeri}Ment agencies and state enteyprises looking afteuc. Those

agencies are Departxnent of Energy Development and Promotion(DEDP), Department

of Mineral Resouxces (DMR), Petroleum Authority of Thailand (PTT), Department

of lndustrial Works.

3. 0IL AND POWER SUPPMES

3.1 OU Supply

Noxrrtaliyr tyansportation of petacoleum products irom retineries to provinciaX

axeas in Thailand is by fieets of tru¢ks which most of them have to travel

through Bangkok and the surrounding anceas causing a Zot of problerns ±n the

cities, such as txaff±c congestion, inefficient use of energy and, consequently,

ai# poHut±on and greenhouse gases production, contributing to the problems

of golbai warming and ci±mate changes. The government has set up a policy and

measures to cope with tltese problems by giv±ng incentives to pMivate companies

to run p±pelines frora oil refiner±es to provinc±al industr±al aveas, at the

same time, d±scouacaging the traditional transportation by trucks by ±imiting

the truck tirnes travel±ng through Bangkok only at night tirne between 10 p.m.
                          '
5 ara. This poiicy has rttultiple advantages for the country in reduc±ng txafttc

congestion in the cities, reducing a±r and no±se pollution and water pol±ution

due to oil leakage into the yiver. Morceover, it helps conserve energy in the

transpoxtation sector. As the country ±s growing economicaHy, oil

transportation and distribution system should be chaRged from micro transport

                                                                    '
to mass transportation.

Where aace a number of poiicies and measures aiming at securing the country's

OU supply but having no motives from environmental concerns which wUl not be

discussed in this article.

3.2 power Supp±y

!n order to increase country's capabUities in electric power supply, pp.ivate

Sector is be aliowed to take part, in the power generation so that
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competitiveness foy high eff±ciency oi power prOdUCtiOn WOUid eX±St･ For a leitg.

time, EGAT has been the sole government entexprise supplying electric powey tQ

the who±e country. The marginal cost and costPluS basis has been used to                                                                        SGt

up the tarifE rates. There have been none compet±tiOnS SO faY･ In Decernber igs4.
                                                                            e
the govexnment has appyoved a pr±vate sector ±nvolvement policy allow±ng privaite

companies to prcoduce electricity for sales in the so-called Zndependent power

Producers olt IPP Policy. As a fixst step towards privatization, EGAT has

announced for proposals frorn IPPs to generate and se±l 3t800 Megawatts to the

grid. This policy has turned the power generation monopoly which has been seGit

and known as pubi±c ut±lities into power business allowing international

cornpetition wheye new technologies could be widely introduced to yield high

effic±ency power production while having less negative impact to the envirotmenit.

This can be viewed as hav±ng stemmed from both economic and environmertal concerag

                                                       '
Small Hydropower Development. Hydropower has played an important role to powerr

production for Thaiiand s±nce the beg±nning of bulk power supp±y some 30 years

ago. Todayt ±arge hydropower contributes only 8qlo of electricity supply.

However, there are a considerable nurnber of hydxopowey sources scattexing

ma±nly in the North and the South. The principal plan is to develop some 50

megawatts srnall hydropower, while keep±ng some 32 rnegawatts as future deve!opraenkt

The plan to develop small hydropower sources is oi importance to the xenewEibie

energy developrnent policy as it wiU also link with the eneacgy conservat±on and

env±ronmental protection poUcy.

Small Power Producers {SPP). The Sinali Powex Producer Policy is airned to

encourage and promote private enterprises in the generation of power from

renewable energy, such as soiar, wind, geothermal and agricultural and

indust]rial wastes. Efficiency of energy production in industrial plants in the

forTn of cogenerat±on where heat and power are sirnultaneously generated would

increase considerably. Excess power not being used in the factories will be

sold to the grid. The policy to buy power from SPP and feed them to the grid

at a just rate would help factory owners in earning extxa ±ncome and encourage

the utilization of energy from waste efficiently, hence reducing the use of
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 conventional energy･ This pol±cy has contributed to the energy conservation

and envixormental protection policy as well. '

4. cuRRi]NT STATUS OF R:ENEWABLES :N THAr!L,ANDtS ENERGY MIX.

orhailand is in the initial stages of introducing renewable enexgy ±nto the

country's total enercgy mix. The Departrnent of Energy Developraent and Promot±on

 (DEDp) xeported that the total production of renewahle enescgy namely fuel wood,

paddy husk and bagasse, in 1993 were Z7.7 Mtoe , an increase of 8.92 over the

previous yeax and accounted for 51.9rg of the totai indigenious energy production.

4.1 ffnergy frorn Biomass. Xn 1994, Thailand consumed 10.3 ;nill±on tons of

firewoods and 6.5 mil±ion tons of charcoal for domestic cooking purposes in rural

areas and sritali - scale rura! industTies. Baggasse's consumption by the sugay

industMy was 15 million tons. Rice hu$ks combined with other agricultura±

residues were estimated at 46.6 miUion tons, as used mainiy in the xice Mills

throughout the country.

It has been estimated by the DEDP that each year, the country generates as much

as 5.1 milUon tons of rice husks, 35 million tons of straws, 12.6 mUlion tons

of baggasse, l.O m±llion tons of corn cobs, 1.8 mUlion tons of cassava plants

and O.6 mUl±on tons of other agricultural residues respectiveZy.

Othesc agricultural crops can be processed into liqu±d :"uels. For exainple

Methanol der±ved from sugar caxe and cassava. Xn addition, Thailand has some

5･8 milUon cows, 4.9 mUlion water buffaloes and 4.7 mUlion p±gs and the

excyetion (dung) generated from these an±maXs could be tuxned into biogas, giving

enexgy equivaient to 27.2 miliion KCAL/year.

For the case o£ cassavawhere the country is faced with the surplus production

eVery year, the House Committee on Enexgy in 1995, commissioned a study to use

Cassava ch±ps and pulverised cassava as solid fuels for chain--stokered furnaces

and burnescs respectiveiy. It has been found that cassava as a solid fuel, has a

MUch better combustion qua±ity than the country's traditional lignites. The
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only drawback ±s that it is rnore expensive to fire cassava than

1±gnites and hence presently, is uneconomical to use as eneucgy source for the

electricity generation.

4.2 Energy froin munic±pal wastes. Bangkok generates ±ts municipal wastes of

about 6,OOO tons per day (t/d) as against 200 tld in Chiangma± and Haad yai ltne

100 -- 199 t/d in Pattaya, Ubonraj thani, Udornthani, KhonKaen, Nakorn

srithamaraj and Phuket. By average, these rnunicipal wastes register a calori£k

vaiue of 1,160 KCAL/Kg. The first powesc plant utilising rnunicipal wastes as fuex

was supposed to be installed at Hang Dongt Chiang ma± but owing to res±stance bv
                                                                           -
the villagers, a new site rnust be selected.

4.3 Energy frorn alcoholic fermentation. With financ±al support provided by

NEDO, The Japan Bioindustry Assoc±ation and [rhailanel'g DEDP have recently

completed an experimental investigation ±nvolving developrnent of a b±o-technolcgkk:

pxocess to produce alcohol from cassava. Even at the ideal,lowest cassava price

of U.S.$. 22/ton which is unl±kely to be accepted by cassava growers, the cost

of production is U.S.$. O.40/litre, rendering alcohol from cassava more expen$ive

                                                         '
than the petroleum-derived fue2 oUs.

4.4 Energy trorn Wind. Thailand ±s unfortunate.to be s±tuated in a geographical

aMea where the wind speed, by an average of 4 m/s, ±s classified as low for use

with w±nd-turbine generating sets. The Electr±c±ty Generating Author±ty of

ThaUand (EGAT) has long been experimenting with wind turb±nes for power

generation. The site at Phuket island, with an average wind relocity of 5 M/Si

has been installed with w±nd turbines whose electr±city generating capacitieS

varies from the smallest O.83 kwe to the largest 18.5 kwe. The total combined

capacity of 42.33 ]<we has been installed and connected to EGAT's national grid'

There is no furthex developrnent being planned for us±ng wind turbines in a

larger scale.

4.4 Energy from the Sun. Thyee interest gMoups are cons±dered involvled in SOittX

PhotoYoltaic Conversion Systern (PV) in Thailand. These axe users, local

manufacturers/distributors and academ±c institutions, know as a photoval£aiC
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woyking group" The gyoup has been set up under the National Roseaacch council to

help pscomoting a meaningfUl realization of PV technology in Thailand. The

foilowing table shows the PV status in Thailand where a tota! of 1,9s6 kw have

                                   t of which are for tradittonal small lighting,been SnstaUed･ Ninety eightpercen

water purnping and redio communication in remote areas not yet served by dlstribution

grid. The remaining two percent are for grld connected experiment.

TabXe 1 .?V Stattis in ThRiland

USERS PEAK KU.OWATIVI' (kWp)Il-ISTALLED
t

APPLICAaONS Ual EGAT MOH MOE Mong MOD MO! DEDP PEA Tas va IllX

WATERPUMPING 3 15e 347

S'I'ANI)-ALONEELECrrRICII-Y l6(} 10

FORREMOTEVILLAGE

BArlTERYCHARGINGSTAT!ON 2 536 an2

rsLECOMMUNICAnONREPEArsR 8 10 312 30

IUIMOTEPR.Ilv{ARYSCHooL 65

REMOTEAEALTHCAR£ 6 IO 5

HYBRIDIGRIDI}iNITERFACE "
NAVIGA'HONAID 8 IO

MISCELLANEOUS:`rv.,LIGHTING 8 10 15 15

AQUwwFAR}v{ING.ETC.

TOTAL l3 70 6 65 l5 l60 883 222 l60 312 le 70

CRANDTOTAL l986

U&I =
EGAT =

MOH =
MOE "
MORV -
MOD =
MOI =

UNIVERSITY ,muD INSma
Ei.ECTRICI'IY GENERA'ITNG AUTHORI'IY

OF mnLAND
M[NISTRY OF HEALru

MrvISrnY OF EDUCAnON
MRglSTRY OF INDUSTRY

MrNISTRY OF DEFENSE

MINISTRY OF INTERJOR

DEDP

PEA

TOT
wa

ETC

DEPAIRT}vfENT OF ENERGY DEVELOPM]ENT

AND PROMOTION (FORMER:NEA)
PROVPsiCIAL ELEC'I'RICrT-Y AUI'HOR.rl"Y

TELEPHONE ORGANIZATION OF mm
VOLUNTEER HEAI rl'H CARE

MISSION UNDER ma PATRONAGE
OF THE KING'S MOTHER

OTHERS INCLUDING PRIVATE SECTOR
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pv is aiready corapetitive for some small applications iike lighting, television

and water pumping etc･ in scernote aucea. During the next several years, pv wiii

be inosce acceptabie in those remote comxunities whi¢h cannot be served by the

xuxal electriftcation pxogram. Should PV price eontinue to drop and its

eificiency increasedt and i£ the matters of energy situation and environment

impact become to cause more conceacn (which is the likely txend),. the wide--

spscead use of individual Roof-Top PV or even the central stat±on grid connected

veysion in some areas may become feasib±e by the tuun of this century. Moxeover,

tt is env±saged that Indochinese countries wUl incxease their instailation of

pv EacUities by foretgn assistance. Thaiiand based export of PV panels to

these countries shouid be expected. And it is hoped that this wiil heip, in

a srnall wayt to promote PV industry in Thaiiand.

5. Conclusion.

Renewables such as agr±cultural and iorestry wastes namely fire woods, charcoal,

paddy husks, coxn cobs, baggasse and animal wastes have seen used widely in

rural households and small industr±es ±n rural areas. It ±s envisaged that

Thailand wiil increase the role of renewables in the country's plan for energy

mix in the near futusce. PV has a promising outlook as it ±s already coirtpetitive

for some small aipp!ications like l±ghting, television and water pumping etc.
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エネルギー、環境、廃棄物

英国貿易産業省エネルギー技術支援機関理事・

　　　　　　戦略研究本部本部長

　　　　　　　G．マーシュ

　本稿のねらいは、経済活動から発生する廃棄物の範囲、その廃棄物が社会（公衆衛

生、社会的アメニティ）および自然環境に与える影響を調べることにより、エネルギ

ー部門の廃棄物管理をめぐる論争の背景を説明することにある。この目的のため、廃

棄物の定義を広げ、固体廃棄物だけでなく大気・生物圏への放出物も廃棄物として含

めることにした。本稿では、エネルギー部門および他の産業分野から発生する廃棄物

の量をまず簡単に比較し、次に種々の発電について、それぞれの燃料サイクルによっ

てどのような性質の廃棄物が生まれるかを調べる。これらの廃棄物が社会や環境に与

える影響について検討するとともに、その損害を金額で定量化する方法について述べ

る。最後に、さまざまな廃棄物の流れの意義を論ずるのに、外部コストに関する最近

の研究結果を使用する。

　発生量に関しては、エネルギー部門は固体廃棄物の重要な発生源ではあるが、群を

抜いているというわけではない。たとえば、OECDの報告書によると、1993年

に日本のエネルギー部門から5700万トンの廃棄物が発生したが、製造業からは1

億4400万トン、鉱業・採石から3500万トンの廃棄物が発生している。これに

対して日本の原子力部門から出たのは、わずか876トンの使用済み燃料である。し

かし、エネルギー部門は、大気汚染物質（SOx、NOx、微粒子など）および温室効

果ガスの最も優勢な発生源である。しかし、廃棄物の発生量そのものはそれほど重要

ではなく、これらの廃棄物の流れが社会や環境に与える影響の方が重要である。

　発電による社会および環境への影響を検討する際、全燃料サイクル（すなわち、一

次採取、輸送、処理、転換、送電）にわたって発生する廃棄物を調べることが肝要で

ある。これらの廃棄物が及ぼす重要な影響には、公衆衛生、職場衛生、業務災害、騒

音、視覚障害、大気汚染物質による被害（農業、森林、生態系、漁場、原材料など）

が含まれる。石炭、褐炭、石油、天然ガスおよび原子力発電についてそれぞれの燃料

サイクルの影響に関する研究のため、欧州委員会の「ExもemEプロジェクト」であげら

れた例を示す。

　最後に、燃料サイクルのさまざまな影響と関連した外部コストの評価について報告

する。これらは、Exもer祀プロジェクトならびに特に地球温暖化に関する最近の研究結

果から引き出したものである。これらの研究結果は、本来予備的なものであり、かな
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りの不確定要素を含んでいるが・各種発電の燃料サイクルの主要な影響の原因と相対

的規模を適切に示している・また・化石燃料サイクルから出る他の放出物と比較した

原子力の廃棄物の意義について論じる。
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Session 2 - MgnRging WRste Produets from Energy

Keynote Address

ENERGY ENVi ROmalvr ANP VYASTE
(X>r George Marsh, MRnftger for Energy and Environrnental Strategy, ETSV, A EA

Teehnolegy, un

ABSTRACT

This paper aims to gtve context to the debate on waste TTianagernent in the energy sector by

examining the range ofwastes stemming frorn economic activities and their impacts on society (e.g.

publlc healtit social amenity) and the natural environment. To achieve this a broad dedEinition has

been adopted for waste tc include emissions to the atmosphere and biosphere as well a$ solid vvaste

products. Startlng with a briefcomparison ofthe quantities ofwaste produced from the energy

se'ctor and other industrial areas, the paper goes on to exarriine the nature ofthe wastes a:ising from

diffliirent electricity generatioll fuel cycles. The impacts on society and the efivironment, callsed by

these wastes are reviewed, and methods for quanrifying the damage in monetary terms are di$cussed

Finally the resuits ofrecent studies ofextemal costs are used to discuss the significance of dlfflzrent

waste streams.

In terms ofrnass the energy sector is aA impcrtant. but not dominant, source ofsogid waste. For

example OECD reports that in I993 the Japanese energy sector produced 57M tonnes ofwaste

compared to l44M tonnes from manufacturing industry and 35M tonnes from rnining and quayrying.

In contrast the Japanese nuclear seetor produged onty 876 tonnes ofspeBt fi.;el. 'Iine energy sec£or
is, however, a clominant source ofatmespherig pollutants (i.e, SOpt, NO., particu1emes, etc,) ar!d

greenhouse gases. However, quantlty ofwaste is not signlficant in its own rlghg i'S is the impact of

these waste streams on society and the environment which is important.

When considering the social and environmental impacts of electricity .crefieratioeq it is essefitial to

examine the wastes produced over th¢ fu[l fuer cycle (i.e. primary extraction, transpo'rtation,

preparation, conyersion arid transmission). Important {mpacts arising ftom these include publig

healtg occupational health, ccgupational accidents, noise, visual intrusion and dttMage due to

atmospheric pollutants (e.g. agriculture, fbrestry, ecosystems, fisheries, materials)i Exarnples, drawn

frorn the European Commission]s Extef-nE Projecg are described forirnpact studies ofcoal, lignitq

oil, gas and nuclear power generation fuel cycles.

Finally, estimates ofthe externat costs associated with the yarious irnpacts ofthe fuel cycles are

reported. These are drawn ftom the ExteT-nE Project, and also recent studies directed specifically at

global warming. Although prelimimary in nature, and iByoiving a signifieanr rangeiofuncertainty,

these resuits give usefui indications ofthe causes and relative magTiitudes ofthe key impacts ofthe

diffbrent power generation fuel cyc]es. The sigBificance ofnuclear waste in compeqison to other

emissions from the nuctear and fossi! fuel cycles is disctigsed.
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Session 2 - Managing Waste Perediacts from Energy

ENERGY EwwRONMENT AND WASTES
(Dr George Marsk, Eneffgy and Eitvironmental Strategy, ETSU, UK)

A[E}STRACT

This paper aims to give context to the debate on waste management in the energy sector by

examining the range ofwastes stemming from economic activities and their impacts on society aRd

the natural environment. To achieve this a broad definition has been adopted for waste to include

emissiens to the atmosphere and biosphere as well as solid waste. Starting with a briefcompadson

ofthe quantities ofwaste produced from the energy sector and other industrial areas, the paper goes

on to examine the nature ofthe wastes arising from clifi7erent electricity generation fuel cycles. The

impacts on society and the environment, caused by these wastes, are reviewed, and methods for

guantifying the damage in monetary temis are discttssed. Finally the results ofrecentstudies of

extemal costs are msedto discuss the sigrificance ofdiffl)rent waste streams.

1. INTRODUCTION

Most fonns ofeconomic activity lead to 'the generation ofwaste. T}itis is ptustrated by clata from
OECD(i) which lists the large quantities ofsolid waste arising from different economic sectors across

a range ofmember states (Table 1). On current trencls waste production is set to kicrease further, as

the developed economies continue to grow and developing countries undergo rapid expansiolt.

This represents a major challenge to the global airn ofmoving to a more sustainable pattem of

development, Waste streams constitute a sigtiificantloss ofresources which could be re-cycled or

used for other purposes (e.g. incineration for energy production).

Also on the theme ofsustainable development, wastes may have negative impacts on society and

t}}e enviroiunent. For example the effi)cts ofair or water pollution on health, buildingr, crops,

forests and natural eco-systems; or reduced amenity from visual intrusion or emissions ofnoise.

Such linpacts may result from solid wastes, ifthese are not managed effltctively, and also from the

direct release ofwastes fpollutants) to the atmosphere or biosphere. It is most meaningfu1 to

consider the impacts ofa particular industrial area or process in an integrated manner, taking

account ofthe etif2icts ofsolid, liguid and gaseous wastes, rather than exarnining each in isolation.

T}iiis is the approach taken in this paper.

With regard to the energ>r sector, Table 1 shows this to be an importantsource ofsolid waste. It is

also the majorsource ofatmospheric pollutants,including C02, NO., S02 and pardculates. Tables
2 and 3 illustrate this fbr C02 and S02 emissions.(i)

Focuskig on electrical power generation teclmologies, the waste einissions from these vary

considerably depending on the fuel cycle bivolved. Fer example coal fired generation produces

appreciable quantities ofboth solid and gaseous wastes, whereas gas fired generation produces much

less solid waste, as well as negligible eniissions ofS02. Moreover, waste emissions may occur at

diferent stages ki the fuel cycles ofalternative generation technologies. By example the solid waste

from nuclear power generation mainiy arises in the extraction and processirig ofuranium or in the

processing ofspent fuel. In contrast the entissions frein renewable energy sources are mainly linked

to the fossil energy used in their manufacture.

Consequently, in comparing the waste entissions from difft)rent power generation cycles, it is

necessary to examiie the full fuel (or li fe) cycle ofeach technology. Several detailed studies oft}tis

kind have been made.(2'3'4)
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wltile liifTe cycle studies wM yield firm data on the waste emissions from difilerent power generation

technologies, this alone does not provide a basis fbr compartng their social and environmental

impacts. This is becamse clifflerent wastes have difiFl)rent isnpacts, and the impacts thernselves (e.g.

health effects, crop clamage, etc) are extremely variable in nature. In recent years considerable

effort has been directed at the development ofa consistent framework for the comparison offuel

cycles based upon estimates oftheir external costs. External costs are evaluatiens ofthe impacts on

society and the environment caused by waste emissions. They are termed `external' becamse these

costs are not included in the market price ofthe electricity.

This paper aims to provide context to the debate on waste management in the energy sector by

describing the results ofa series ofexternal costing studies. It begins by gtving a briefreview ofthe

metliodology fbr evaluating external costs and then outlines the results ofstudies ofthe coal, ligrtite,

oll, gas, nuclear (PWRL), wind and hydro power generation cycles. A separate discussion is given of

the complex issue ofglobal wamiing, and the paper concludes with a discussion ofthe most

signhicant waste streams.

2. lmaTHODOLOGY

External costs may be estlinated by assessing the knpact or clamage caused or by evaluating the cost

ofabating the pollutants responsible for the damage. T}iks paper concentrates on the damage

assessment approach, which has been developed anthrough the European coirunission's ExtemE prejgcatrp:"J-lj)edTti?eaterallii:ig9fuOefiel;Cctieri,Crietyfe[IliioCtYhCgecShain

ofprocesses involved in the generation ofelectricity from a particular fuel. Thus, as mentioned

above, the assessment ofthe coal cycle should include itnpacts associated with piant construction,

coal extraction, transport ofcoal andsolid wastes and electricity transmission, as well as electricity

generation itselfl

The Exterr[E Project has developed a `bottom-up' approach in which each stage in the fuel cycle is

exarnined separately. Ofcourse each stage may knpose more than one burden on the environment

(e.g. coal extraction results in gaseous enxissions, particulates and water discharges in addition to

solid waste),and indeed some burdens may have more than one inipact (e.g. S02 emissions affbct

buildings, crops, fbrestry, natural eco-systems, etc). Conseguently the approach leads to a large

array ofburdens/einissions and associated impacts. It is necessary therefore to make an initial

assessment ofthe main burdens and impacts befbre gokig on to evaluate these quantitatively.

The estiniation ofthe external cost associated wit}} a particular burden/impact combination is made

through tl}e `inipact pathway' approach. An example oft}iis approach is illlustrated in Figure 1.

The novel stages in this 2pproach are the development ofdose/response functions to assess the

impacts, and monetary valuation methods to convert the impacts into extemal costs. It wM be

appreciated that detailed (lata drawn from a multi-disciplinary team is essential to implemeRt this

approach. In particular k}put is needed on:

e Teclmologicalperfbnnanceandenrissionsdf{ta;

e Legal firamework goveming ernissions, health and safety, etc;

ee Specificationoffuelused;

e Meteorological conditions afiibcting dispersion ofatmospheric pollutants;

e Hydrologicalandgeologtcalconditions;

ee Demographicdata;

e Defuiitionandconclitionofecologicalsources;

e Deflnition ofthe value systems ofindividuals which detemniie the valuation ofnon-marketed

  goods (i.e. externalities).
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Valuation ofthe inipacts varies depending upon the nature ofthe damage done. When the impact

affl)cts a traded good such as agricultural crops or repairs to bulldingr, market prices can be obtained.

When the impact affects non-traded items (e.g. natural eco-systems, visual intrusion, etc) e>cpressed

preference valuations are adopted.

It wM be noted that the data, and conseguently the results ofthis approach, are plant andlocation

specific. To extend the approach to develop a marginal cost relationship fbr new power plant

requires its application to a broader range ofsites. This is part ofthe on-going work ofExtemE.

However, for present purposes it is sufficient to report the results ftom a series ofsite specfic

mvestlgatlons.

3. RESULTS

The ExternE Pr
cycles:

oject has considered the external costs from the following electricity generation fuel

e Fossll fuels (coal, ligriite, oil and gas);

e NuclearceWR);
e Renewables (wind, hydropower).

3.1 Possil Fue} Cycles for Electricity Generation

To date ExtenitE has produced preliminary resuks fer case studies covering:

e hard coal power generation plants situated at WestBurton (UK) and Lauftn (Germany);

e lignitepowergenerationplantatGrevenbroich(Germany);

e two diffl)rent oil power gerieration plant at Lauffen (Germany);

e natural gas power generation at West Burton (UK).

Note that these studies are based upon possible plants located at these sites, rather than existing

plants. The generation technologies considered are typical choices fbr the relevant fuels in Europe

in 1990. The coal and ligriite plants use steam turbines with fiue gas desulphurisation;,the oil plant

are gas turbines (GT) fbrlight oll and combined cycle plant (CCGT) fbrheavy oil, and gas also uses

combined cycle technolog>r. Domestic sources offuels were assumed fbr all cases.

Table 4 surmnarises the restUts for these fuel cycles, excluding global warmirtg, which is discussed

separately be}ow. The levels ofuncertainty on some costs are quite high, panicularly for the larger

damages, however, the relative results for diffi:rent fuel cycles are reasonably robust.

The largest quantified itnpacts are on public health. These arise mainly from atmospheric emissions

inc!uding priniary and secondary particulates, S02 and 03, most ofwhich arise from the generation

plant itsel£ Within this group the dominant impact was motdity due to paniculates, which

accounts for 75% ofthe value in Table 4. However, £his estimate is subject to panicular
uncertainty relating to two assumptions made in the estimation. Firstly it was assumed that there is

ne threshold below which fine particulates have no effect on health; secondly the full value ef

statistical life was applied to all deat}is. The latter takes no account ofthe period oflife lost, or the

guality ofthat life. This is particularly important because these deaths are mainly amongst

chronically sick people.

Other sigtihicant damage categories are Occupational Health (diseases and accidents) and materials

damage. The former relates to accidents and routine exposure to hazardous substances, noise and
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e;nissions. The values presented are based on the cost ofrepair to utilitarian b                                                                  uildmgs, with no
anowance fbr aesthetic effbcts on 1tistoric bull(lings. IR this sense the estimate may be an under-

valuation. Impacts which have not been analysed due to their complexity and a lack ofdata are

those concerned with natural eco-systems and fisheries.

3.2 N"clear Fuel Cycle

The fuel cycle studied was the mse ofenriched uranium in a pressurised water reactor (PWRL), with

subsequent fuel reprocesskig. All stages ofthe fuel cycle were located in France and included

mining and nrf11ing ofuranium, conversion to uranium tetrafiuoride, enrichnent, reactor

irradiation, reprocessing, waste treatmentand disposal. Disposal oflow 3nd intermediate level

waste was to existing French facllities whilst vitrified high level waste was to be deposited in a

}iypotheticallocation.

The ExternE Preject has focused on the inipacts atising from normal operation. The emphasis has

been on radiological human health effects resulting from exposure to radioactiv!ty, considering

both the public and employees. Eco-system knpacts have not been examined because these were

considered to be oflow priority during nomial operatien.

Nuclear fuel cycle irnpacts are particularly complex because they have a wide spatial range and

timescales. Consequently the resuks have been divided into local, regional and g!obal, and classified

as short-terni (< 1 year),medium-temi (1-100 years) andlong-term (100-100,OOO years).

IIrhe undiscotmted results oftliis study are presented in Table 5. Without discounting for the

tirnij}g of inipacts, public health efil?)cts account for 94% ofthe O.35 Yen/kWh estimated costs.

remaining 6% is occupational inipacts, whic}i are essentially non-radiological accident irljuries.

The

Tliere are some particularly comp!ex issues to be considered when applying these results:

te Firstly the applicable discount rate is crucial since it will be noted from the table that 80% ofthe

  external costs 2rise over the long-tenn. With a discount rate of3% the external costs are

  reducedto NO.Ol Yen/kWh. Moreover the main contributorto these costs ceases to be

  reprocessing 2nd becomes the short-term areas ofreactor construction, reacter eperation and

  uranium mining and niilling.

e 91% ofthe non-discounted costs are due to global impacts. 'rhis arises through the rnethodology

  which sums very small doses over 1OO,POO years and across a world population. The usefiimess

  ofmonetary valuation ofthis type oflinpact assessment needs further consideration.

Not withstanding these issues the results are usefu1, on a comparative basis, to show the significance

oftlie waste streams arising from the fuel cycle. Neitherlow/intermediate or high level wastes

make a sigtiificant contribution to external costs. This refiects the design performance ofboth the

waste fbrms and the planned storage and disposal conditions.

It should be noted that the study has not considered the potential impacts ofreleases from accident

conditions, nor has it considered deliberate damage te facdities or malicious use ofnuclear

materials. Clearly these represent major issues for the nuclear fuel cycle.

II-l-7



3.3 Renewable Enexgy Sources

To date the ExteniE Project has studied the wkid and hydro fuel cycles. Wind farms have been

assessed at two locations in the UK; a small development at Delabole in south-west England anda

large preject ofover 1OO turbines on open moorland in Central Wales. The study ofthe hyclro-

cycle covered two contrasting projects; a major extension (500 MW) to an existing hydropower

scheme in south-west Norway and 3 small scale (20 M'W) system on the La Creuse river in centraf

France.

Results from these studies are summarised in Table 6. The major impacts ofthe fuel cycles are on

human amenity - noise, visual effbcts and impacts on recreation. Valuations are highly site specfic

and targeted studies have been implemented to do this for the Norwegian and French hydropewer

sites. The UK studies used results frem otherlocations, which increases the potential uncertainty

over the results.

With the exception ofhuman amenity the other signficant externalities ofrenewables are 1inked to

their manufacture and construction. This accounts fbr the comments in Table 6 on acidic emissions

and greenheuse gas releases.

4. GLOBAL WARMING

The methodology for evaluation ofthe external costs ofglobal warming is less advanced than for

other impacts, and presents a range ofkey problems:

e theclhnatemode
  in the i2st decade,

  elEfl)ct;

ls fbr estimating the magtiitude ofglobal wamnhg have advanced considerably

but there is stru a sigriificant range ofuncertainty over the size ofthe warming

ee estiniations ofthe knpacts ofclimate change (e.g. agrlculture, water resqgrces,

  coastal protectien, etc) are subject to great rmcertainty;

biodiversity,

e the release ofgreenhouse gases and the inipact ofclimate change is temporaliy separated,

  knpact persists fbr many years;

and the

e the extent ofgreenhouse gas releases is dependent on the future global path fbreconomic and

  social development. For example the future could fbllow a `business as usual' pattern ora inore

  interventionist approach may be followed atined at reducing greenhouse g2s releases;

@ the value placed upon both traded and non-traded goods will depend upon future economic

  development. For example the value placed on bio(liversity is likely to be higher in an

  interventionist future driven by concerns over the environment and a desire for sustainable

  development;

ee the marginal impact cost ofgreenhouse gas emissions from a new power plant wM depend on

  the plants einission per kWh generated, and upon the future scenario in which it operates. Thus

  a coal plant without C02 seguestration, eperating in a future with low C02 emissions, will have

  a iower impact cost than ifit was operating in a future with higher emissions;

de because the impacts ofglobal wanningare time dependent ghe issue ofcliscountrate is crucial to

  the valuation ofthe inipacts. The appropriate discount rate to be applied is subject to much

  debate.
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petailed discussion ofthese ]najor issues is beyoRd the scope oftltis paper. Needless to say, because

ofthese complexities and the shortag                              e efappropriate data, any estimates ofthe external costs of
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other external costs reported in this paper. This study has implementeda bottom-up approach,

considering individual impacts on a regional basis, to build up an aggregate estimatien. These are

listed in Table 7. The scenartos consider t'wo possible futures, `non-intervention' is essentially

:rends continued while `kitervention' considers some positive action to reduce greenhouse gas

ernissions. The three estbnates given for each technolegy are an attempt to give high, low and

inedian values for each step in the analysis ofindividual irnpacts and costs. The high and low values

have no statistical sigeificance, but represent an attempt to indicate the range ofuncertainty in the

costs.

The range ofcosts reported reflects the range ofuncertainty still attachngto the estimation of

climate change impacts and their costs. However, it should be noted that the median values, which

represent current `best estim2tes' are comparable in maghtude to the other external costs reported

previously. The negative values represent situations where there is an estimated positive benefit

from global wamning. This arises when the benefits in terms ofenergy saving (reduced heating)

outweigh the negative itnpacts. The median values are also reasonably in line with previeus
estimations efclimate change itnpacts.(ii-i4)

No attempt has been made to calculate the extemal costs ofclmate change attributable to the

nuclear and renew2bles fuel cycles. However, these wM be substantially less than those reported

above, since these cycles give no direct emissions ofgreenhouse gases.

5. DISCUSSION AND CONCLUSION

This paper has set out to give context to the debate on waste management and the environmental

andsocial inipacts ofenergy supply and utilisation. To do tltis on a consistent and comparable basis

it has described the concept and approach to the costing ofexternal impacts, and reported the

resuks ofrecent studies. These have covered fbssil, nuclear and renewable fuel cycles, and impacts

afifk}cting environmental and social factors. The paper has drawn heavily ofi the ExterriE study

which is sponsored by Directorate General XII ofthe European Corr}mission. Costings ofthe

specific itnpacts ofcliniRte c}}ange have been drawn from work ofthe IEA's Greenhouse Gas R8(D

Pyogramine.

Settkig aside climate change, the costing results have shown the coal and oil fuel cycles to have

extenial costs of1-2 Yen/kWh. Gas fuel cycle costs are aboutan order ofmagnitude less than this.

Nuclear fuel cycle costs are also lower at about O.3 Yen/kWh, and would be even less ifsome

discounting was applied to the long-term global impacts. Not surprisingly the external costs of

renewable energy fuel cycles are relatively low O.1-O.3 Yen/kWh, and are mainiy linked to social

unpacts (i.e. noise, visual intrusion, etc> rather than envirertmental impacts.

With regard to clhnate change, all the fuel cycles contribute to some extent on a life cycle basis.

T}iis is because some fbssll energy is consumed in the manufacture ofnuclear and renewable plant.

However, the hnpact attributable to fossll cycles is substantial!y higher. The external costs of

climate change are suliject to the greatest uncertainty, but best current estimates suggest this should

be ofthe order ofO.3-1.0 Yen/kWh for Ratural gas power generation and O.6--1.7 Yen/kWh fbr

coaL

It is noteworthy that for all the fuel cycles reviewed, solid waste has not figured as a maj or source of

environmental orsocial knpact. Tltis is probably because most ofthis waste is well managed in the
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energy sector. Indeed some wastes (e.g. power station ash) have market worth fbr use as bugding

or road construction materials                         . It could be argued that the potentiaf irnpacts ofsolid waste arising

from power generation fuel cycles have been avoided by good management practice. In other

words the potential impact costs have been `internalised'.

One final observation is that the nuclear fuel cycle external costs were cafculated on the basis of

normal operation. Clearly accident conditions could lead to much higher extemal costs. It might

be argued that the present public resistan'ce to nuclear, includmg waste management and disposal, is

linked to a perception that safety is notso great as is indicated by engineering analysis. In other

worcls public perception ofthe external costs is greater than analytical esimates indicate. Since

external costs are fundamentally linked to the social values placed on non-traded goods, these

`perceived external costs' may well be a true refiection ofthe costs which the public attribute to

nuclear fuel cycle operations;i temis ofanxiety fbr example. The corollary is that the perceived

costs can be reduced ifways can be found to reduce this anxiety.
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            Table 1

SOURCES OF SOLID WASTE IN 1990 (Ref 1)
          (k tonnes/year)

Agriculture Mining
Manufacturing
Industry

Energy
Production

JAPAN 77,390 34,OOO 150,388 54,983

USA* 165,821 1541850I) 760,OOO 1093039))

FILANCE 400,OOO 75,OOO 50,OOO N/R

GEIUVLAN-Y)irAr N/R 17787' 79,834 29,858

tu 80,OOO 108,OOO 56OOO' 13,OOO

*
tiok'

N/R

1985 data

West Germany only
Not reported

             Table 2

SOURCES OF CO, EMISSIeNS IZN l993 (Refl)
          (m tonnes/year)

Transport Energy
Transformatien

industry Other

JAPAN 244 384 297 170

USA 1490 2128 694 727

FIthNCE 133 41 86 109

GEmm 185 370 153 207

UK 139 203 82 -125
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                 Table 3

SOURCES OF ATMOSP]EE[ERIC EM[SSIONS OF SOx IN 1992 (Refl)
              (k tonnes/year)

Transport
Electricity

Generation

Industrial

Combustion
Industrial

Processes
Other

JAPAIN)t 199 192 425 N/R 60

.USA 958 14,371 3337 1919 37

FpsLNCE 155 330 250 182 304

GERMANY 96 2913 541 N/R 346

UZK 118 2428 734 19 195

* 1989 data

N/R -- not reported

                     Table 4

     ESTIMATESOFEXTERNALCOSTFORFOSSILFUELCYCIiES
                    (Yen/kWh)

DamageCategory Coal

(UK)(D)
Lignite

(D)
Oil(D)

GTCCGT
Gas
(UK)

PublicHealth O.6 1.8 1.4 1.6 1.4 O.1

OccupationalHealth
-diseases

-accidents

O.Ol

O.1

O.04

O.3
NQ
O.Ol
NQ
O.07
NQ
O.04
NQ
O.Ol

Agriculture O.O04 O.O03 O.O03 O.O06 O.O03 NQ
Timber O.OO06 O.OOI O.OO06 O.O02 O.OOI Neg.

Marineeco-systeins Neg. Neg. Neg. O.03 O.03 O.OOOI

Materials O.1 O.03 O.Ol O.04 O.03 O.O08

Noise O.03 NQ NQ NQ NQ O.O04

NQ
Neg.

= notquantified
= negligible
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Table 5

ESTXIwaTES OF ma EXTEpmAL COSTS FOR A Pwn BASED
                NUCLEAR FUEL CYCLE
                     (m Yen/kWh)

WWGE TIMESCAEE

ShortMediumLong
Local

Minin 1 4 O.04
.Converslon O.08 O.04 -46xlO

Enrichment O.1 1O- 4xlO-

Fabrication e.1 O.1 Ne.
.Constructlon 4 o o

.Generation 1 7 Ne.
Decoinm. o 3 o

.f<erocessm O.4 O.04 4xlOf

LLW{ilisosal o 3×10- 3xlO-

HLWdisosal o Ne. 4

Transort O.06 OD6 o

SubTotal le 14 4

Re'onal
Minin o 3 O.03

Conversion o Ne. 3xlO-

Enrichnient o Ne. lxlO"

Fabrication o 3xlO' Ne.
Construction o o o

Generation o O.4 Ne.
Decomm. o o o

Rerocessin o 1 O.3

LLWdisosal o o o

HLWclisosal o o o

Transort o o o

SubTetal' e 4 O.3

G!ebai

Minin o O.O03 o

Conversion o Ne. o

Enrtchnent o Ne. o

Fabrication o Ne. o

Construction o o o

Generatien o 4 42

Decomm. o o o

Rerocessin o 28 282
LLWclisosal o O.Ol O.7

HLWdisosal o o o

Transortation o e o

SltbTotal g 32 324

Neg. = <10'4 mYenlkWh
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Table 6

ESTImaTIES OF rm EXTERNAL COSTS OF IR ENIEWAIBI[E ENIERGY
                   FU]2L CYCLi]ES
                    (mYen/kWh)

Damage
Category

WindTurbines

S-WEnlandC.Wales

Hydropower

NorwaFrance
Noise 341 10 Neg. Neg.

VisualAinenity NQ NQ 282Sr NQ
AcidicEmissions 80/eofcoalfuelcycle NQ NQ
GreenhouseGas
Emissions

1O/oofcoalfuelcycle NQ NQ

PublicAccidents 13 13 NQ NQ
Occupational

Accidents

42 42 Neg. 7

Eco-system
Inipacts

Neg. Neg. 282* NQ

Agricultural

Impacts

Neg. Neg. 1 Neg.

Fore,stryImpacts o o Neg. Neg.

ImpactsonWater
Supply

o o 1 NQ

Recreational

Impacts
NQ NQ 282* NQ

TOTAL 196 65 282 NQ

* Aggregate value for visual amenity, eco-system knpacts and recreational impacts

NQ == not quantified

Neg. = Negligible
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Table 7

ESTXMATES OP THE EXTERNAL COSTS eF CxxMATE FOR
 PARTICULAR POWER GENIERATION TEC]asOLOGX]ES
                (YenlkWh)

FUELCYCLE SCENARXO
InterventionNon-Intervention

NaturalGas(CCGT

Mh 33 67

Median O.36 1

Low -O.O07 O.O03

Coal(PF+FGD>
Hih 55 113

Median O.6 1.7

Low -O.Ol O.O05

* Zero discount r2te

II -l- 17



英国における廃棄物管理の展望

英国原子力産業放射性廃棄物管理会社（NIREX）社長

　　　　　　　　　M．フォルガー

　英国では1987年以来・深地中処分に関連する作業責任を・廃棄物処理機関、廃

棄物発生者・安全規制当局・および政府の間で明確に区分する必要があることが強調

されている。また、科学者や他の利害関係者の理解を得る上で、科学的な調査結果と、

処分場候補サイトの施設閉鎖後の安全性の予備的評価結果を公開することが必要条件

となる。

　これらは不可欠な要素だが、パブリックアクセプタンスの獲得・維持を保証するも

のではない。批判者たちは、脈絡や均斉を欠いた上で、特定の不確定性や問題を曲解

する傾向があるので、そのような批判に対処する上で、開発目的を平易な言葉で地元

のレベルから説明していくという、先を見越した方策が不可欠である。

　有力な処分場サイトを特定するために、1987年以来NIREX社が行ってきた
活動を紹介する。施設閉鎖後の安全性の観点から、有望サイトを特定・選定する上で

考慮すべき要因をあわせて紹介する。

　物理、化学、および天然からなる多重バリアによる封じ込めというNIREX社の

処分概念と、地質・安全関連の必要な研究を管理する上での依頼者主導方式の仕組み

を説明する。

　広範な深地中ボーリングおよび地球物理学的試験計画を通じて、イングランド北西

部のセラフィールド近くの候補サイトが有望であることがわかった。地下水が飽和し

た硬岩が分布する同地域の地質学および水文地質学的な特性と、1995年9月から

96年2月にかけて行われた集中的な公開審査（公聴会）に提出された予備的な安全評

価結果について説明する。今後計画されているモデリングおよびデータ分析の相互作

用構造について述べ、セラフィールドにおいて提案されている岩石特性調査施設（RC

F：（通称）地下研究所）の役割を論じる。サイト閉鎖後に個人が受けるリスクを、より

確実に評価することに焦点を当てることとする。
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MANAGING WASTES: A PERSPECTIVE FROM TI}IE UNITED KINGDOM

    M Folger

Managing Director

    UK Nirex

In the UK, work on deep disposal since 1987 has emphasised the importance of a clear

division of responsibilities between the waste agency, waste producers, safety regulators

and govemment. Another necessary condition for securing a measure of acceptance from

the scientific community and other stakeholdeys has been open publication of scientific

studies and preliminary post-closure safety assessments of candidate sites for a

reposltory.

These factors have been essential but do not guarantee success in buildiRg and sustaining

public accepeance. A pro-active policy in explaining developments in lay terms, from loca}

level upwards, is essential to counter critics who tend to distort particular uncertainties

and issues out of context and out of propoytioR.

Nirex work since 1987 to ideRtify a poteRtial repository site is described, with a summary

of promise in terms of post-closure safety.

The Nirex disposal concept - containment based on multiple physical, chemical and

naeural barriers - is explained, together with the structure of a client-driven approach to

managing the necessary geologica} and safety studies.

An extensive programme of deep borehole drilling and geophysical testing has established

the good promise of a preferred candidate site near Sellafield in North-West England. The

geological and hydrogeological characterisation of ehe saturated hard rock setting are an

mtensive public inquiry process which ran flrrom Septembex 1995 to February 1996. The

inteyactive' structure'of the forward programme of' modelling aRd data analysis are

described, together with the role of the proposed Rock Characterisation Facility at

Sellafield. The fbcus is on progressively firmer assessment of post-closure risk to

individuals.
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           Tke 30tk JA]IF Aptnvag Cozzference

                   8-gg ApriR, a997

Mamagiag Wastes: A Perspectgve froErrR the United KiRgdomrk

     Mickaeg FoEger, ()kEef Execatwe UK Nirex Ltd.

gittroduction

Nirex has worked since 1987 to secure understanding and acceptance ofthe UK programme

for deep disposal ofradioactive waste. No country has fbund this task easy and despite our

most recent setback, we continue to see two key disposal policy requirements:

      e first, a clear separation ofthe responsibilities between the safety regulators, the

         waste producers and the waste disposer - under a clear Government waste

         maRagement policy;

      e second is the necessity for openness and independent peer review ofthe scientific

         conclusions which are safety crkical. Nirex's 1995 publication ofa preliminary

         safety assessment ofa potential repository site in saturated hard rock - at Sellafield-

         was a world first and between 1988 aAd 1997 we have also published over 500

         supponing technical reports.

Despite our planned rock laboratory fa11ing fbul ofthe "plaiming" law - what our American

friends would call "zoning" law - we must continue to seek a permanent solution. That has

been the key strand ofmedia and political comment since the decision announced on

l7 March. Waste producers require this for their waste and sustainable development requires

us Rot to leave the problem fbr our grandchildren.

Nirex as implementor is responsible for repository development, including site selection and

the preparation ofsafety cases. However, the nuclear industry - the main source ofthe wasteS

- has representation on our Board. Waste producer involvement is important so that they

retain fu11 confidence and understanding ofthe programme. With strong regulators applying

checks and balances, that important feature can be secured without prejudicing the safety of

disposal. The over-riding need is fbr public confidence and a necessary condition fbrthat is

waste producers' coRfidence.
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whilst a clear framework ofresponsibllities and a policy ofopenness are essential, they are not

sudicient to ensure acceptance by the public. In the UK as elsewhere, the implementor must

play a pro-active role in communicating with potential host communities, the academic

cornniunity and other influencers or stakeholders. Ofcourse, some ofthese groups have their

owR ageRdas, aRd too often their respoRse to our effbrts is to pick up every loose-end and

blow it out ofcontext. In that way they unnerve the public and politicians alike. But our stance

can oltly be to build an honest positioA from which we can counter over-simplificatlons of

complex issues. The resources and energy required fbr pro-active relationships is substantial.

SiSe Segectioit

Site selection fbr the UK deep repository commenced in 1987 and fbllowed the three stage

approach recommended by the Intemational Atomic Energy Agency (Re£ 1):

         (1) Regional Evalaation,

         (2) Site Identification and

         (3) Site Confirmation.

The first step in 1987 was a national public consultation exercise involving distribution of

50,OOO copies ofa report discussing issues relating to repository site selection (Re£ 2). This

led to 2,500 responses which were used to ififluence the site selection approach.

Thirty per cent. ofthe land mass ofthe UK was identified as having characteristics imourable

for a repesitory. Subsequently, 500 individual sltes were identified and further reduced by

consideration ofpopulation density and environmental sensitivity. A short-list of12 options

was then developed through a sequential sieving process in which expert advice was taken at

each stage. Key factors iR the process were the potential ofthe hydrogeological setting of each

site, land ownership, waste transport and cost.

In 1989 the Nirex Board decided that we should investigate two sites, at Sellafield in Cumbria

and at Dounreay in Caithness, Scotland. A factor in the decision was that both are acljaceRt to

existing nuclear facilities and the local authorities aRd public showed a degree of

understanding and support fbr nuclear actlvities. Other countries have sited repositories iR

such contexts or are considedng dolng so.

In 1991, fo11owing initial surveys and borehole drilling at the two sites, it was decided to

concentrate further investigations at Sellafield. Whilst both sites had the potentlal to support

                                II -3-4



an acceptable post-closure safety case, Sellafield has the advantage that some 60% ofthe

wastes will arise there, and hence there would be significant savings in transport costs.

Tke Nfirex Reposigog'y CoReept

In common with other disposal agencies internationally, the Nirex disposal concept uses a

multi-barrier containment system (Figure 1). Vaults, capable oftaking something like

2oo,ooom3 oflong-lived waste, would be excavated at depth in a stable geological setting, The

wastes would be packaged in steel or concrete containers and be placed in the vaults which

would then be backfi11ed with a cement-based material.

The concept makes use ofboth engineered (physical and chemical) and natural (geological)

barriers:

         e Physica] barrEer- the containers and grouts in which the wastes are packaged.

            Research indicates that a very high level ofphysical containrnent should be

            maintained fbr at least one thousand years, during which period around 99% of

            the radioactivity would decay.

         e Chemicaa barrier- a cement-based backfill around the waste packages. It acts

            by conditioning groundwater to a high pH. It will operate fbr a period of at least

            1 million years during which time 99% ofthe residual 1% ofradioactivity will

            decay.

         e Natewag barrier - the geological setting - chosen to be stable and to have little

            natural resource potential.

Two ofthe key requirements ofthe geological setting, which dominate current risk

calculations are:
          '

         e to ensure that there are low fiows ofgroundwater through the repository; and

         e to ensure sufficient dilution ofthose very long-lived residual radionuclides that

            are eventually released from the repository, in order to limit concentrations m

            groundwater reaching the surflice.
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S£geeece PregraffEaml}e

The scientific programme comprises three main components:

            e researchonthenearfield,engineeredbarriersandradionuolidetransport

                 processes in the geosphere and biosphere;

            e sitecharacterisation'and
                                 '

            e post･-closuresafetyassessments.

The research programme ofl the near field has reached a mature stage and by 1999 it is

iRtended that most aspects will have been completed, suracient coniidence having been gained

in our understanding and models (Re£ 3). An extensive programme ofresearch into the

corrosion of steel containers indicates effk)ctive container lifetimes ofbetweeR 9 OOO to l6 OOO
                                                                  pp
years.

In respect ofthe chemical barrier, a sound database and associated modelling capability has

beeA developed on the chemical perfbrmance ofthe backfill and consequent solubilities and

sorption behaviour ofradionuclides. Work to date indicates that the backiill should condition

groundwater to a pH greater than 1O for a period well in excess of one mi11ion years which is

suMcient to reduce sgbstaRtially the solubllities ofmany key radionuclides.

Since 1989 an intensive programme of site characterisation fbr the repository at Sellafield has

been carried out. Twenty seven deep boreholes (to depths ofup to 2,OOOm) have been drilled

and tested, complemented by over lO,OOOkm ofgeophysical surveys (Figure 2).

The Sellafield repository concept envisaged the vaults to be at a depth ef750m in a low

permeability volcanic tuffl the Borrowdale Volcanic Group (BVG). This is overlain by

sedimentary rock, primarily more permeable sandstones. The groundwater system has three

main components or regimes as illustrated in Figure 3:

         e ashallowfreshwateroccuningthroughouttheareawithinthe'CoastalPlain

              Regime';

         e asalinewateroccurringatdepthtowardstheeastofthearea,withinthe

              'Hills and Basement Regime' where the repository would be located; and

         e adeepbrineoccuningatdepthinthewestofthearea,withinthe'EastIrish

              Sea Regime'.
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Hydrochemical testing suggests groundwater and solute ages in the BVG host rock ofup to

l.5 million years, broadly consistent with the low permeability indicated by hydrogeelogical

testing. By contrast, the Coastal Plain Regime is very active, flows being driven from high

ground in the east towards the sea to the west.

The site characterisation and research programmes provide the basis fbr assessment ofthe

post-closure safety performance ofa repository. Development ofconfidence in that

assessment is an iterative process in which a series of'assessment cycles' is implemented in

order to achieve confidence to underpin decisions on repository construction and operation.

The assessment cycles are a central driver ofthe Nirex programmie. They provide afi

important input to refinement ofthe repository concept and design. Also, understanding of

key safety sensitivities developed through the assessments enable the programme to be

fbcused cost-effectively on addressing the most important remaining uncertainties.

Probabilistic Safety Assessment calculations ofannual post-closure radiological risk to an

individual are compared to the risk target of106. Figure 4 shows the expectation values of

risk over time for a repository at Sellafield as calculated in the 'Nirex 95' assessment cycle

(Re£ 4).

The calculations indicate that fbr the current, temperate climate groundwater discharge would

be predominately to the sea (the lowest risk curve in Figure 4). The substantial dilution

provided by the sea results in very low risks. For discharge to land (the top 3 curves), the

expectation risk cuive lies below the risk target and has two characteristic peaks:

     e an'early'peak,ataround20,OOOyears,dueprlmarilytochlorine-36whichisnot

         retarded by the chemical banier; and

     e along-termandbroaderpeak,attimesgreaterthanonemillionyears,due

         primarily to the daughter products ofuranium-238.

Wells, for domestic or agricultural purposes, can bypass some ofthe befieficial near-surfttce

dilution processes that apply to very long lived radionuclides and potentially lead to higher

risks than for the natural discharge pathway shown in Figure 4. This is a positive assessment,

though we needed the RCF to remove uncertaintles in it.
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itregragrraEaae Mkmagegiteitt

Individual elements ofthe scientific and technical programmes are managed by Nirex staff who

dlrect the programme to ensure a high quality ofwork and that programme objectives are met.

Results are assessed on a regular cycle to ensure focus on the issues which are most crucial to

bottom-line safety performance. Close estlmation ofthe costs ofactivities permits costs and

benefits of different options to be examined. In managing the programme Nirex has therefore

developed a substantial experdse in the requirements ofall aspects ofradioactive waste

disposal: not only the scientific and technical aspects, but also the institutional and economic

areas too.

We are sharing that expertise, not only with our immediate neighbours in the European Unien,

and Central and Eastern Europe, bttt also here in Asia and in JapaR in particular.

Nexg Steps

The surface-based programme of site characterisatioR is scheduled fbr completionin 1997.

O"r plarmed next step was the development ofa Rock Charactedsation Facility (RCF) at

Sellafield fbr in situ validation ofmodels ofthe geology, hydrogeology and the transport and

geotechnical characteristics ofthe rocks (Re£ 5). However, fo11owiRg refusal of`'planning"

permission fbr the RCF we have to re-evaluate our whole programme in consultatlon with

Government. The core problem for the RCF decision was a procedural one - with the

planning requirement looking for a higher degree ofconfidence from surface--based

investigations than we saw as feasible. The planning inspector praised the high quality ofour

science work to date.

The waste will Rot go away. We still have a responsibility to dispose ofBritain's radioactive

waste in a timely and cost-effective manner. We hope there is a way in which the procedural

issues can let us get on with that.
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高レベル放射性廃棄物の
　　処理・処分について

中島篤之助（元中央大学教授）

　高レベル放射性廃棄物の処理・処分問題は核兵器用のプルトニウム生産とともに発生し

た，核エネルギー利用の開始以来の宿命的な問題であり，いまでもそれは巨大な負の遺産

として残されたままである。！954年以来，いわゆる原子力平和利用が始まったが，高

レベル放射性廃棄物の処理・処分問題は当初から意識されていたにもかかわらず，有効な

対策の研究，開発そして実行は・一日のばしに先送りされたまま今日に至っている。別紙資

料1はこの問題の歴史的経緯：を簡単に要約したものである。この要約は日本原子力学会誌

所載の村野徹氏の「高レベル廃棄物地層処分の歩み一一主として米国の　歴史を中心に」

と題する優れた解説に筆者が若千の補足を付け加えたものである。

　旧ソ連のチェリャビンスクやウラルにおける深刻な環境汚染問題の発生は，核兵器開発

という国家安全保障問題が優先された結果であり，環境汚染やそれに伴う住民の被爆など

はまったく無視されたことを意味する。米国においてもこのような状況は基本的には変わ

らず，マンハッタン計画以来の彪大な高レベル廃棄物は，結局二重殻鋼製タンクに収容さ

れたまま残されているのである。

　！977年米国科学アカデミー（AAAS）は，国際学術連合（ICSU）にこの問題

についての討議を行なうことを要講し，工．CSUは1983年に勧告を取り纏め，関係各

方面にアナウンスした。ICSUの提案は唯一の可能な処分方法として，地質学的に安定

な岩体中に埋設するという「地層処分案」と，将来有望な可能性としての海底下処分を勧

告している。わが国では原子力委員会が1994年の原子力開発利用長期計画で「処分に

向けた総合的な取り組みの基本的考え方」を発表している。それをICUS勧告と比較す

ると，1）暫定貯蔵期聞を何の根拠もなしに30～50年と切り詰めている（50～ユ0

0年がICSU勧告）。2）海底下処分の研究をまったく無視している。3）使用済み核

燃料の全量再処理という方針に固執している。その結果，4）外国への再処理委託に伴う

返還廃棄物の割合が世界最大となっている。5）実施主体が未だに確定していない。など

多くの問題点を含むのみならず具体的にはなにも行なわれていない状況にある。

　別紙資料1．で示したように1980年以降地層処分を支える基本的技術として，

　1）従来の科学が取り扱ったことのない超長期の安全評価の方法

　2）敷地（サイト）特性調査技術の開発

が国際協力の最1：重要課題として進められ，OECD－NEA報告C工991年）としてま

とめられてはいるが，それが実行されたわけではない。

　土井和己氏も指摘するようにD，地層処分最大の問題は選定されたサイト中の水分の挙
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動とそれに伴う放射能の移動の状況をしっかりした調査研究により把握することで，それ

には直ちに研究に着手しても100年を要するであらうという事実を銘記せねばならない

。

　最大の問題はしかし社会的受容の問題であって，たとえば米国では核廃棄物政策法が成

立したにもかかわらず，計画はまったく進展せず，その原因は「専門家と社会（一般市民

）の間の正常な信頼関係が失われたことにある」とされている。フランスのバタイユ報告

では「社会が廃棄物対策の最終決定を行なうべきである」として，民主主義の基本が改め

て強調されている。わが国の原子力三原則とバタイユ報告を比較考量するならば，原・子力

三原則の先見性は明らかであり，いまこそ公開，民主，自主の精神に立ち戻らなければ問

題の解決は不可能であらう。筆者はすでに1、3年前に「放射性廃棄物は暫定貯蔵を考えよ

」という一文をエコノミスト誌に発表している2）。その中で現在の再処理技術は「妄想．」

に過ぎず，技術的にも経済的にも未成熟であることを指摘して’おいた。全量再処理という

政策は誤りであり，したがって現在でもこの考えを変える必要はないと考えている。

註） 1）土井和己；放射性廃棄物；日刊工業新聞．社（1993）

2）中島篤之助；エコノミスト；1984．12．25
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　　　　　　　図18　わが国での高レベル放射性廃粟物深層隔離に想定されうる

　　　　　　　　　概念の一例
　　　　　　　　高レベル放射性廃棄物を深層隔離する際天然バリアに要求される

　　　　　　　条件としては、天然バリアが安定しており，人工バリアの能力をi’

　　　　　　　分に発揮させうるものであること，ならびに地下水を人工ハリアに

　　　　　　　極力近づけないものであることです．深層隔離における天然ハリア

　　　　　　　は岩石です．岩石の安定性を損なうもので最も重要なものか地殻窺

　　　　　　　動ですが，その定量的な予測が困難な現在では，過去において長い

　　　　　　　期間安定していた岩石を天然バリアに選ぶこととなりましょう，こ

　　　　　　　のための長い期間としては，高レベル放射性廃棄物を隔離しておか

　　　　　　　なければならない年限を大幅に上回る年月が妥当でしょう．このよ

　　　　　　　うな条件をみたす天然バリアとしては，活断層など現代に近い地殻

　　　　　　　変動の歴史を持つ地帯がまずのぞかれなければなりません，更に，

　　　　　　　堆積岩であれば第三紀（最も新しいもので200万庫前の形成），な

　　　　　　　いし以前のもの，火成岩においても，第三紀ないしこれ以前に形成

　　　　　　　したものが妥当といえましょう，また，高レベル放射性廃棄物のよ

　　　　　　　うに厚い遮へいを必要とする物体の搬入を考えるとき，海上輸送以

　　　　　　　外には考えられません．これらの条件が第一の選択肢となりましょ

　　　　　　　う，これらの必要条件を備え，わが国でよくある地形，地質条件を

　　　　　　　頭に浮かべて高レベル放射性廃棄物の深層隔離の場を想定した場含

　　　　　　　いくつもの想定が立てられますが，そのひとつを本図に紹介する絵

　　　　　　　としてみました，

　　　　　　　　筆者の想定，特にこのような地形・地質条件の所を選んだ理由を

　　　　　　　要約すると

　　　　　　　　1総欝識灘讐望難蛤
　　　　　　　　方第三紀など新鱗積岩といわれているものの多く獣断　i

　　　L縞雛謡の畿鵠蔵難麟㌧
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高レベル放射性廃棄物の処理・処分
　　　　　　　　　の歴…史白勺経緯

中島篤之助（元中央大学教授）

§簡単な歴史的経緯

　1．第一一期　　ユ940年代～70年代中頃

　H．第二期　　1970年代中頃～80年代

皿．第三期　　1990年代～地層処分の実施開始前

§地層処分一第一一期の歩み

　（1）HLW問題の発生…一米国の場合

　　イ．タンク貯蔵と漏洩一一軍：用Pu生産炉の使用済み燃料の再処理廃液の貯蔵

　　ロ．プリンストン会議一一一！955年9月，米国科学アカデミー（NAS）

　　　　岩塩層への処分の提案

　ハ．最初の原位置試験

　　　　プリンストン会議の結論に基ずき1965年オークリッジ国立研究所は，カン

　　　　サス州ライオンズ岩塩鉱山で世界最：初の野外試験…原位置試験一を開始。

　二．ロッキーフラットPu工場の火災

　　　　超ウラン元素で汚染された大量の放射性廃棄物が発生一一アイダホ州の貯蔵所

　　　　に運ばれたが，州知事は「投棄場（Dumping　Site）」になること

　　　　を恐れ，G．Seaborgと交渉し，80年までにそれを撤去することを約

　　　　束させた。一一早期に処分場サイトを決める必要が生じた。

　（2）2つの計画の挫折

　　イ．最初の処分計画

　　　　　AECは1970年，ライオンズ・サイトを米国の最初のフルスケール処分場

　　　　　とすると発表。この発表は地元にも，研究者にも事前に知らされることなく，

　　　　突然行なわれた。猛反対が起こり，72年政府は計画を放棄した。

　ロ．最：初の長期貯蔵計画

　　　　　1972年AECはRSSF（取り出し可能な地表施設で長期間貯蔵する）計

　　　　画を発表。この計画も環境庁および社会の反対で，結局AECは75年このR

　　　　　SSF計画を放棄。

（3）旧ソ連の場合

イ．チェリャビンスクでは数百万キュリ～の放射性廃棄物が未処理のままテチャ川に
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　　　　放流され，1951年からはカラチャイ湖に放出～1億2000万キュリーが蓄

　　　；積。

　　ロ．ウラルの核惨事一一1957年

　　　　高レベル放射性廃液の貯蔵されていた施設が爆発し・約2000万キュリーの敏

　　　　射能が環境に放出された。

§地層処分一第二期の歩み

　（1）第二期の背景

　　　　「HLWの安全な処分が可能であるという見通しなしに，原子力の利用を継続す

　　　　ることが果たして許されるか」という世論。

　　　　76年のカリフオニア州法の成立一一原子力立地の条件として，HLWの安全な

　　　　処分技術の存在を連邦政府が保証すること。

　　　　77年のスウェーデンにおける条件法（Stipulation　l、aw）の
　　　成立。原発の許認可に際し，HLWの処分の絶対的安全性の保証を求める。のち

　　　　に絶対的は削除された。

　　　　このような世界的な世論の背景には環境問題の存在」あるいは環境や安全性に対

　　　　する人々の認識の変化がある。

（2）技術面の進展一一本格的な研究報告の発表

イ．TAD報告書（1976年）
ロ．米国地質調査所の報告書（1977年）

ハ．APS報告書：（1978年）

二．Pigford報告書
第一期の処分法が岩塩層といった特殊な地層中に廃棄物を埋設し，天然の地質環境の

みに依存した方法であったのに対し，新しい地層処分では，

　a．要求される地質環境条件を満たすものであれば，どのような地層であっても，

　　　地層処分の候補として研究の対象になり得る。

　b．地層処分に要求される廃棄物を隔離する性能は，天然の条件だけに依存するの

　　　ではなく，工学的対策を含む1つのシステム，すなわち地層処分システム全体

　　　により達成されるという考え方が採用された。

　c．地層処分システムの性能が，長期にわたり満足できるか否かについては，合理

　　　的，科学的な評価が厳密に要求されることとなった。（安全評価）

1980年代になると，上述の骨格を支える基本的技術として，

　◎長期的安全評価の方法

　◎サイト特性調査技術の開発

が，国際協力の最：重要課題として進められた。一一〇ECD一一NEA報告（1991

）が纏められた。
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（3）制度面の進展

イ．核廃棄物政策法（NWPA）の成立

　　米国では，大統領が変わるごとにHLWの貯蔵および処分の対策は変わっていた

　　。このような状況を克服するためにNWPA法が作られた。

　　NWPAでは所見として，まず「HLWについての米国の過去30年の対策は適

　　切なものではなかった」とする反省を述べている点が注目される。

　　NWPAでは◎政府機関（大統領を含む）の責任の分担　◎地層処分場のサイト

　　選定の詳細な手順とスケジュール　◎処分対策等に必要な資金の調達　について

　　詳細な規定が定められている。

　　NWPAでは　＠地層処分場は2ケ所に設置する。（東部および西部）

　　　　　　　　　◎第一処分場サイトは3つの候補サイトを詳細に調査して決定す

　　　　　　　　　　る。

ロ．NWPAの改正
　　NWPAは画期的な法律と考えられたが，現実はスケジュールどおりには進まな

　　かった。1987年議会はNWPA法を改正した。一一NWPAA
　　◎3つの候補サイトを平行して調査検討し，選定するのではなく，まず候補サイ

　　　トの1つ，ユッカマウンテン・サイト（コロラド州，Yucca　MOunt
　　　－ain　Site）のみを調査し，適切ならばそれを処分サイトとして決定す

　　　る。

　　◎第二処分場を設置する計画は中止し，改めてその必要性を検討する。

　　しかしこの改正はコロラド州および地域の人々に強い不公平感を残すこととなつ

　　た。

　（4）クライテリアの設定

　　　「特定の地層処分システムが許容されるため，満足すべき一連の基準」

　　その基準の多くは，非常に畏期⑳蜜全書というわれわれ社会に未経験の問題を含

　　んでいる。

　　このようなクライテリアは1980年代に国際機関により検討され，その結果，

　　IAEAの基準（1989年）などが作成された。

以上第二期ではすべての面で進展があったにもかかわらず，しかも法的な裏付けのあ

る米国ですら実際の進行は順調ではなかった。その原因は何処にあるのか？

§地層処分一第三期を展望する

　（1）地層処分の再検討

　　たまたま1990年に米国とフランスで2つの報告書が公表された。どちらも過去の
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歩みを深く分析し，将来への提言を行なっている。

　イ．NRC報告書（1990年）…米国学術研究会議
　　「高レベル放射性廃棄物処分の再検討」

　　米国のHLW地層処分のプログラムは何故順調な進展をしないのか，いかなる改善策

　　があり得るのか」

　　　地層処分という超長期の安全対策に含まれる基本的問題として

　　　＠分析の限界（不確実性についての対応）

　　　＠倫理および価値観の問題

　　　◎モデリングとその有効性の詳細な分析

　　　◎戦略的計画（柔軟で実際的な対策）の提案

　　これらの基本的項目について認識を誤ると，専門家と社会（あるいは，…般市民）の

　間の正常な信頼関係が失われ，地層処分のプログラムの進展に支障が生ずるとしている

。

ロ．バタイユ報告書（1990年）

　「高レベル放射性廃棄物の管理に関する報告書」

　この報告の特徴は，専門家ではなく国会議員が中心になって作成している点である．

　フランスでは放射性廃棄物管理局（ANDRA）による地下研究所設置のための現地

　調査の活動が，関係住民の強い反対に遭遇し，90年1月，首相はその調査活動中止

　を決断した。この原因を明らかにし解決策を探るために。バタイユ報告が作られ，そ

　れを基礎に法律が嘉定され，第三期のプログラムが定められた。

　　この報告の基本的立場は，「社会が廃棄物対策の最終的な決定を行なうべきである

　」ということで，結論として次のような民主主義の基本が改めて強調されている。

　　a．責任と透明さと民主主義，この3っの言葉が，今後。）廃棄物処分および原子力

　　　　平和利用政策に関する施策を導くものでなければならない。

　　b．原子力というエネルギ…生産の洗練された手法には，開かれた決定手続きで臨

　　　　むべきである。

　地層処分第三期は…般市民の参加が不可欠となる時代であり，専門家と一般市民との間

に．持続的な信頼関係が確立するか否かが，最も重要な鍵である。

以上は村野　徹氏の日本原子力学会誌の解説「高レベル放射性廃棄物地層処分の歩み

一一蛯ﾆして米国の歴史を中心に」を要約し，若干の補足を行なったものである。
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第30回原産年次大会
セッション2：エネルギーの廃棄物にいかに対処するか

「廃棄物問題と原子力」　（要旨）

関西電力（株）　鷲見禎彦

　人類の生存にとって、環境問題、即ち、廃棄物問題は死命を制する問題となり
つつある。

　廃棄物についての基本的考え方は、①発生量そのものの低減、②発生した場合
も、リサイクル・再利用、③再利用できないものは、安全で生物環境に負荷を与
えない処分、の3段階の考え方であるべきである。また、発生者の責任において、
低減、再利用、処分を進めることも重要である。
　そこで、廃棄物問題をエネルギー利用に適用して考えてみたい。

　エネルギーの利用に伴う特有の廃棄物としては、二酸化炭素、＄OX、　NOX、
放射性廃棄物、排熱などがある。

　このうち、地球温暖化、酸性雨などの地球環境問題の観点から、二酸化炭素、
＄OX、　NOXなどの大気中への放出の削減の努力が続けられている。
　原子力利用からの特有の廃棄物、即ち、放射性廃棄物については、取り出すエ
ネルギーに比較して量は非常に小さくコンパクトで、技術的にも十分な安全な管
理が可能であり、適切に処分できると考えている。

　資源問題のみならず、廃棄物の観点からみても、化石燃料の消費を野放図に増
やすことはできない。

　従って、今後のエネルギー需給を確保していくためには、消費面では、節約、
エネルギー利用の効率化、供給面では、再生可能コニネル世一や原子力の重要性が
ますます高まると考えている。

　原子力に前述の廃棄物の三段階の原則を適用して考えれば、原子燃料サイクル
は、使用済燃料から有用なエネルギー資源であるウラン、プルトニウムと核分裂
生成物を分離することにより、有用な資源は再利用し、廃棄物を適切に処分する
方策として、この原則をまさしく踏まえたものであると言えよう。

　廃棄物問題の視点からも、原子力は重要なエネルギー源であり、原子燃料サイ
クルによって持続続可能なエネルギー源となるものである。
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  Global environmental problems, which are induced by wastes from huinaii

aetivities, may determine the fate ofour planet and the survival ofhumankind.

in addressing the problem ofwaste, waste management should consist ofthree

steps:

     1) reduction of the qgantity of waste produced;

     2) recyclmg or reuse efwaste generated; and

     3) safe disposal ofwaste whigh cannot be re-used.

It is also important that waste producers should be respoRsible for the reductien,

reuse alld disposal ofthe waste.

  Following this concept, let us consider the problem ofwaste in connection

with energy use.

  Wastes arising specifically from energy production inelude carbon dioxide,

sulfu oxides, RitrogeR oxides, radioactive waste and waste heat. Among these,

continuous efforts are being made to reduce the emission of C02, SOX and

NOX to mitigate global environmental problems such as global wamiing and

acid rain. RegardiRg the wastes unique to nuclear power, that is ractioactive

wastes, it is extremely smal1 amounts and compact volume and is technologically

coRtrollable; this allows it to be safely managed and properly disposed.

  in view ofmaintaming healthy eltvironment as well as securing energy supply,

the consuntption offossil fuels cannot be allowed to increase limitlessly.

Therefbre, conservation and more efficient use ofenergy in terms of energy

consumptien and renewable energy and nuclear power in terms of energy supply

will become more and more impertant.

  The above-mentioned three steps ofwaste management can be well applied te

nuclear power generation. Nuclear fuel recycling can be said to be the very

means that enables usefu1 resources te be reused, and wastes to be properly

disposed. Namely, spent fuel reprocessing can separate uranium, plutonium and

fission products, alld "seful uranium and plutonium are reused as fuel and fission

products as high level radioactive waste are appropriately disposed.

  in terms ofwaste managemeRt, nuclear power will play a more important role

in the next century and nuclear fuel recycling will make nuclear power a

sustainable energy reseurce.
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OECDから見た放射性廃棄物管理

経済協力開発機構・原子力機関（OECD／NEA）

　　　　　　安全・規制担当事務局次長

　　　　　　　　　　高橋　誠

　原子力施設では様々なタイプの放射性廃棄物が発生し、廃棄物の安全な管理を目指

して、処理および安全な形態への調整、処分前の暫定貯蔵、環境への希釈放出と浅層

または地下処分場での処分など、適切な方法や方策が開発されてきた。多数の低中レ

ベル放射性廃棄物（LLW／ML，W）用処分場が現在稼働しており、今後もこうした

処分場がNEA加盟諸国で計画されている。

　最近の活動は、暫定貯蔵される使用済み燃料の増大と、使用済み燃料の再処理によ

って発生するガラス固化高レベル放射性廃棄物（H：LW）の返還にかんがみて、　HL

Wおよび使用済み燃料の地層処分を中心に行われている。

　NEAの加盟諸国の地層処分計画は、概念調査、立地選定、サイト特性調査、地下

研究所の開発、原位置実験、および処分場の開発など、様々な段階にある。地下研究

所の開発は、安全性評価モデルや技法を実証するために地層処分システムを実現する

上で重要なステップである。

　NEAの廃棄物管理プログラムの優先順位は、加盟諸国の状況を反映しており、そ

れがHLWと使用済み燃料の地層処分である。ガラス固化技術がすでに開発されてお

り、NEA加盟諸国で4カ所のガラス固化施設が稼働している。ガラス固化H：LWの

安全仕様は、関係国家当局の承認を得ている。

　NEAは、欧州、北米および極東の27の加盟国で構成されており、加盟各国は政

治・経済面ではほぼ同じ価値観を共有しているが、社会・文化状況はそれぞれ異なる。

加盟諸国の原子力に対する態度も極めて多種多様である。このため、NEAが適切な

会議（フォーラム）の場となって、新しい考えを生み出し、そこから複雑な問題を解決

し、コンセンサスを醸成しようとしている。
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Radioactive Waste Mamagegg?ent fronft tke OECD Persgeective

                     TAKAHASHI Makoto
             Deputy Director for Safety and Regulation

                 OECD Nuclear Energy Agency

ABSTRACT

Various types of radioactive wastes are generated in nuclear facilities and suitable methods and

strategies have been developed for the safe management of wastes: treatment and conditioning

into stable forms, temporary storage awaiting disposal, controlled discharge into the environment

and disposal in near surface or underground repositories. A number of repositories for low and

mediuin level wastes are in operation and additional ones are planned in NEA Member countries.

Recent efforts have focused on geological disposal of high level waste and spent fuel, in view of

the growing volume of spent fuel under temporary storage and the return of vitrified high level

waste from the reprocessing of spent fuel.

Geological disposal programmes in NEA Member countries are at various stages: feasibility

study, site selection, site characterisation, development of underground laboratory, in-situ

experiments and development of repositories. Development of an underground laboratory is a

key step in realising geological disposal systems in order to demonstrate safety assessment models

and techniques.

The priority of the NEA waste management programme refiects the situation in Meinber

countries and that is the disposal of high Ievel waste and spent fuel in geological formations. The

vitrification technology has been well developed and four vitrification plants are in operation in

NEA Member countries. The safety specifications of vitrified high Ievel waste have been

approved by the national authorities concerned.

NEA is made up of 27 Member countries from Europe, North America and the Far East and they

share similar political and economical values but their social and cultural conditions are different･

Membercountries' political attitudes toward nuclear energy are also quite diversified. This

makes NEA a suitable forum to elaborate new ideas, to solve complex issues, and to develop

consensus opmlons.
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various types of radioactive waste are generated in nuclear facilities and suitable methods have

been developed for the safe maRagemeRt of wastes: treatment and coRditioning into stab}e forms,

temporary storage awaiting disposal, coRtrolled discharge into the environment and disposal in

near surface or underground repositories. A number of repositories for low aRd medium level

wastes are in operation and additional ones are plaRned in NEA Member countries.

Recent efforts have been focused on geo}ogical disposal of high level waste ancYor spent fuel, in

view of the growing volume of spent fgel uRder temporary storage and the returR of vitrified high

level waste from reprocessing ofspent fuel. Vitrified high level waste and spent fuel are safely

stored in temporary storage facilities.

The priority of the NEA waste managemeRt programme reflects the situation iR Member

countries and that is the disposal of high level waste and speRt fueHn geological formations. The

vitrification technology has been well developed and several vitrification plants are in operation

in NEA Member countries. The safety specificatioRs of such high level waste have been approved

by the national authorities concerned. Developrrient ofspent fuel encapsulation technology is

underway.

NEA is made up of 27 Member countries frorn Europe, North America and the Far East and they

share simi}ar political and economical values but their social and cultural conditions are different.

Member countries' political attitudes toward nuclear energy are also quite diversified. This

makes NEA a suitable forum to evaluate new concepts, to seek soJgtjons for complex issues, aBd

to develop consensus opinions.

My preseRtation will focus on the disposal of high level waste and spent fuel in geological

formations. In some countries the term "Iong-term storage in geological formation" has been

used instead but the concepts are the same.

everview of GeologicaMisposal Programmes

Geological disposal is not new. It was conceived and tried out at the onset of nuclear energy

prograinmes. However, past programmes developed various technical shortcomings and led to

undesirable levels of radioactive contamination in the environment. In NEA Member countries

the past programmes were abandoned. The shortcomings caine from lack of knowledge,

techRology and experience, and from bad planiting.

The safety approach fpr geological disposal is very similar to the multi-barrier system for nuclear

facilities: immobilisation of radioactive nuclides in glass matrices, confinement in canister,

emplacement in repository with buffer materials and confinement in deep geological formation.

In the safety evaluation scenario it is assuraed that the multi-barrier system will degrade its

integrity in the course of tiine and that radioactive nuclides will be transported into the geological

media and eventually reach the human environment. Since their transport in the media will take a
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very long time, they will be allowed to decay to an unharmful level. This scenario is alsQ the

same for all nuclear facilities but the main difference is a passive nature ofsafety system and

tirnescale. The scientific and technological challenge is, therefore, the capability to predict the

long-term integrity of the multi-barrier system.

For the last 20 years, NEA Member countries have canied out extensive research and

development programmes in this area. Geological disposal programmes in Member countries are

at various stages: feasibility study, site selection, site characterisation, development of

underground laboratory, in--situ experiments and development of repositories. Work in

underground laboratories is a key step in the development of geologjcal disposal systems in order

to demonstrate safety assessment models and techniques. Several national programmes have beeB

facing difficulties in the site selection stage.

The Yucca Mountain Project in the US is the most advanced: more than 90% of the main five

mile underground loop for the Exploratory Studies Facility has been completed. Following the

completion of a viability assessment of the site in 1998, a recommendation on the repository site

will be submitted to the President in 2001 and if the site is suitable a license application will be

submitted to the NRC in 2002 .

The Environmentai aRd Ethical Basis of Geological Disposa}

NEA has been a forum for sharing information and experience, strengthening scientific and

technological confidence in safety assessment through co-ordination of national programmes, and

sponsoringjoint projects such as the Analogue Studies in the Alligator Rivers Region Preject in

Australia and the Stripa Project in Sweden. As a result of these efforts, NEA has contributed to

developing technical and political positions. NEA has also, upon request, been conducting peer

reviews of national programmes in the field of geological disposal.

Accurnulation of scientific knowledge and experience and improvement in technology have

strengthened the experts' confidence in the long-term safety of the geological disposal concept.

This has resulted in the recent series of Collective Opinions. The first, in 1991, is entitled "Can

Long-Term Safety be Evaluated?" and was developed in collaboration with the IAEA and the

CEC. The second, in 1995, is entitled "The Environmental and Ethical Basis of Geological

Disposal".

The main rnessages of the first Collective Opinion are that:

- safety assessment methods are available today to evaluate adequately the potential long-terin

radiological impacts of a carefully designed radioactive disposal system on humans and the

environment, altd

- appropriate use ofsafety assessment methods, coupled with sufficient information from

proposed disposal sites, can provide the technical basis to decide whether specific disposal

systems would offer to society a satisfactory level of safety for both current and future

generatlons.
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There is an ethical irnperative to care about future generations and benefits from the earth's

resources. Such concern for the protection ofhumaR hea}th and the environrnent in a developing

world has been illustrated by the concept of "sustainable development" put forward by the World

corrimissioR on the ERvireRment, the BrundtlaRd CommissioR, }n 1987. This coRcept, which is

principally an ethical one, was (lefined as "satisfying the Reed of the preseRt, without

conapromising the ability of future geReratlons to meet their owR Reeds".

As part of its contiRuing revlew of the genera} situation in the field of radioactive waste

rnanagement, and with particular reference to the extensive discussions at the NEA Workshop on

Eilvironmental and Ethical Aspects of Radioactive Disposal in l994, the Radioactlve Waste

ManagemeRt Committee reassessed the basis for geological disposal from aR environrrtental and

ethical perspective, at its special session in March 1995.

In particular the Committee focused its attentioR on fairRess and equity considerations: between

generations (inter-generational equity) and withiR coRtemporary generatioRs (intra--generational

equity).

The main messages of the secoRd Collective OpinioR are that:

- the geo}ogica} disposa} strategy can be designed and implemented in a manner that is sensjtive

and responsive to fundamental ethical and eitvironmental considerations;

- it isjustified, both enviroltmentally and ethically, to continue development of geological

repositories for those long-lived radioactlve wastes which should be isolated from the biosphere

for more than a few hundred years; and

- stepwise implementation of plans for geological disposal leaves open the possibility of

adaptation, in the iight of scientific progress and social acceptability, over several decades, and

does not exclude the possibility that other options could be developed at a later stage.

ReggRatery Aspects

National regulatoi'y systeins have beefi developed as geological disposal pregrammes progressed.

In some Member countries, regulatory requirements have been reviewed to adjust to anticipated

evolution.

Experts implementiRg natioRal prejects and regulators have occasionally exchanged views on how

to apply regulation to future applications and to clarify scientific aRd technical details for

regulatory requirements. Last January, NEA organised a Workshop oil Regulating the Long-

Term Safety of Radioactive Waste Disposal, in Spain, to contribute to a deeper understanding of

regulatory approaches followed in NEA Mernber couRtries and of the differences which exist in

Rational regulatory systems. Among sugges£ions made by the participants regarding further work
were the draftiRg of rigorous but practicable reg"latioBs: the treatment of various uncertainties

such as the living habits of populations in the far future and the need to make reasonable

assumptions concerning these habits; and the difficulty of dealing with loRg-term risk issues in
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the context of legal and publi.c perception considerations. The discussion .highlighted that beyond

              ic basis required for safety assessment, the decision-making process mustthe   solid scientif

ultimately rely on expertjudgment and reasonable assurance considerations, through an open and

transparent process, allowing for public participation.

It is noteworthy that public participation in decision-making process such as public hearings or

public inquiries has been applied.

On the international scene, various guidelines for management of radioactive waste were

developed by the IAEA and they have, accordingly, been incorporated into national regulatory

systems. A Radioactive Waste Management Convention, similar to the Nuclear Safety

Convention, has been negotiated in the IAEA foruirn and it is expected to be opened for signature

some time this year. It will provide an additional framework for the safe management of

radioactive waste when it enters into force.

FiRanciaE Liabggity and gnstitutionaE Arrangemeptts

Financial liability is another important aspect in the management of radioactive waste. The NEA

carried out a study and published a report in 1996 entitled "Future Financial Liability of Nuclear

Activities". Four approaches have been adopted in NEA Mernber countries: centralised fund and

centralised responsibility, centralised fund and decentralised responsibility, guarantees and

decentralised responsibilities, and decentralised responsibilities. The financial liability system

will be refined in the course of the development of national repositories.

One of the advantages of geological disposal is less need for institutional control by future

generations: monitoring, surveillance of site, etc. Institutional arrangements would depend on the

national situation and be refined in the course of development. Once again, transparency of the

decision-making process would guarantee the definition of reliable national arrangements.

Conc]usions

National geological disposal programmes have been implemented and experts' confidence in the

scientific and technological robustness ofthe safety assessment has been increased. This wM be

further demonstrated by underground laboratory tests being planned in several countries. It is

hoped that the public will support the development of such laboratories and that the tests will be

carried out in an atmosphere of mutual trust between those implementing the programmes and the

public.

High level waste and spent fuel have long-term hazard potential and management of such waste

requires particular consideration. These are not, however, unique for radioactive waste when the

effects of industrial wastes containing hazardous elements are closely studied. I would like,

therefore, to underline the need for a more rational attitude toward the management of radioactiVe

waste. We may have deve}oped a stereotype vision of the potential danger of nuclear energy

based on past unfortunate events: nuclear bombs and accidents in nuclear facilities.
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siBce the quantity of waste to be disposed of is limited and resources are also lirnited, a single

repository would be sufficient in most major nuclear power countries. IRternational co-operation

is therefoe imperative to share expertise and experience.

Modern society has been producing a variety of waste and some contains various chemical

products with an extremely loRg life. Their risk potential has been recognised and various

international control r6gimes have been discussed. A treaty to reduce the re}ease into the

environment of certain chemical compounds classed as persistent organic pollutants (POP) will be

negotiated. Carbon fiuoride compouRds have been regulated by an intemational protocol. Green-

house-effect gas may be subject to the control of an international convention. These

developments reinforce my coRvictioRs.

Refexence:
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3
.
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Can Long-Term Safety be Evaluated?, NEA, 1991

The Environmental and Ethical Basis of Geological Disposal, NEA, 1995

Radioactive Waste Management in Perspective, NEA, l996

Nuclear Waste Bulletin, No. 11, NEA, 1996

Future Financial Liabilities of Nuclear Activities, NEA, 1996
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ロシアにおける放射性廃棄物管理の現状の概観

カーネギー平和基金モスクワセンター上級顧問

　　　　核物質管理学会ロシア支部長

　　　　　　アンドレイ・ゾボブ

　1996年までに、ロシア域内に蓄積した約40億キュリーの初期放射能をもった放射性

廃棄物は6億5000万m3を超えた。そのうちの90％は軍事生産によるものであり、そ

の量と放射能の99％は、ロシア原子力省（Minatom・ミナトム）の関連施設から発生した

ものである。この数字には核実験および平和目的の核爆発（PNE）からの廃棄物は含まれ

ていない。

　原子力省およびその他の機関が貯蔵する使用済み燃料は約9，000トンに達し、その

放射能は約46億5000万キュリーである。ある専門家によると、ロシア領土周辺の海

域に放出された放射性廃棄物は、当初は230万キュリーであった。

　きわめて多くの専門家の主張によると、ロシアの放射性廃棄物管理システムは、全

体的に、国際原子力機関（IAEA）およびその他の国際基準からはいくぶんかけ離れてい

る。ロシアの廃棄物については、国としての適切で総合的な貯蔵および埋設サイトの

リストが完備されていない。

軍事用の放射性廃棄物は、下記の活動によって発生した。

一原子力省関連施設における核兵器の製造・蓄積

一海軍および国防産業省の原子力潜水艦等の原子力艦船の運転、修理およびその廃

　炉措置

原子力の平和利用による放射性廃棄物は下記の活動から発生する。

一原子力発電所（蕪PP）および研究炉、使用済み燃料の貯蔵およびその再生

一民間財子力船舶

一医療および工業用アイソトープの利用など

　原子力の軍事利用と民間利用による放射性廃棄物（使用済み燃料）は3カ所のプラン

トで再処理される。

　ウラル地方のオゼルスクのマヤク工場。ここは、23，000k皿2の面積に2000万キュリ

ーの放射能を放出した1957年の大惨事で有名である。過去40年の歴史の中で、マヤ

ク工場には10億キュリーを超える放射性廃棄物が貯蔵されている。

　セベルスクのシベリア化学コンビナート（旧トムスク）。260～450mの深地層に十分隔

離された状態で50カ所に廃棄物が貯蔵されている。初期放射能の総量は11億キュリ

ーである。
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　クラスノヤルスクのゼレズノゴロスク鉱山化学コンビナート。初期放射能8億キュ

リーが貯蔵されている・

　これら3工場は、いずれも、最近、原子力の安全性とセキュリティーの改善を求め

る国際的活動の対象とされている。

　200万キュリーの放射能を持つ200，000m3の放射性廃棄物は、原子力以外の利用分野

から発生したものである。この廃棄物の管理責任は、国内に合計16の施設を持つラド

ンと呼ばれる州営会社にあり、中央の研究拠点としてボチバール記念無機材料研究所

がある。このシステムは、1960年代後半以来、成否はともかくとして機能し続けてい

る。

　放射性廃棄物の重要性に関して、安全性が十分確保されていない廃棄物が大量に存

在するため、住民や環境に対する危険性に大きな関心が寄せられている。このため施

設の再建や近代化が非常に重要であるにもかかわらず、十分な予算手当がされていな

い。

　この問題を解決する試みが最近、放射性廃棄物管理に関する連邦委員会と地下埋設

に関する省庁間委員会から提示されている。政府は、1996年から2005年を対象とした

連邦放射性廃棄物プログラムを採択した。このプログラムでは、実施するすべての活

動の責任は原子力省が負うことになっている。廃棄物管理に関する法的な規定は、「放

射性廃棄物管理に関する」法案によってカバーされる。同法案は、ロシア議会によっ

て採択されるものと期待されている。
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Ovekwfiev sckeeaxrr'redeesgRg]gsof diogeaivew$ste a exgAegRg8pt

                               twt

                                              sumrnaty by Ancirei ZOBOv

                                                Carnegie Moscow Center

    By 1996 there were more than 6SOmln cubic meters ofRAW with initial

radioactiv!'ty of sorne 4bln Ku accurnulated on Russian territory. 90% ofthat amount

was from military production and 99% ofbotb the amount and radioactivity was ofthe

Russian Ministry for Atornic Energy (Minatom) origin. The figures de not include

RAW from nuclear weapoRs testing and "PNE's"

     There are also nearly 9000 tons ofg exxt meer ear ffkke} in Minatom atid other

agencics storages with the radioactivity of about 4.6S bln Ku. Accerdng to some

experts RAW released into the seas around the Russian tenitory was inniady 2.3 mln

Ku.

     Quite a number of experts claini that the whole waste mEmagement system in

Russia is somehow far frorn IAEA and other international standards. There is still no

pTopercomprehensivenationalg/gsg-s!j[.sgs}gzzuy!s#S}gzutsgZss.tfg ndb SeforMWinRussia.

The pile up ofRAW in miaigig itrv sphere resulted from the following activities:

     building-up nuGlear weapons arsenal in the Minatom factories;

     operatioms of and repairs on nuclear powered vessels ofthe Navy and the

M[inistry for Defence lndustry and their deconimis$ioning.

Radioactive wastes from 2eeas:of"! uses of nuclear energy ceme from:

     NPP and research reactors, storage of spent fuel and its regeneration;
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civil nuclear powered ships;

use ofisotops in medieine, industry, etc.

RAW from military and civil nuolear aetivitie$ are 2zeet":(}s2gs$cesged at three plants:

    Mayak at Ozersk the Urals known for the disaster in l957 which released 20 mb

Ku over the area of23 OOO sq.km. During 40 years ofits ki$tery Mayak pjled up more

than lbln Ku･ ofRAVV.

    Siberian Chemical Combine at Seversk with 50 considerably wen isoiated

sterages in deep geological formations down to 260450 me£ers deep. Total initial

radioagtivity - l.1bln Ktt.

    Mining-Chemical Combine at Zheleznogorsk Krasnoyarsky kxai with gee mln

Ku ofinitial fadioactivity. All tbree plants are objects ofrecent intensive international

activity to improve Ruclear safety and security.

200OOOm3ofwasteswith2min,Kuaetivitywasofpmon-eseckear$ gie2ikeRgxi 'ta.

The mar}agemeRt ofthat amount is the sole responsibility ofa State Company calied

RODON having l6 plants ali over the coutry and the central research base in ghe

Bochvar lnstitute ofNon-Organic Materials. The system is operative, sucaessfully or

not, since 1are 60-ties.

    The importa tce ofRAW problerri: huge amouat ofnot safe!y enough kept was2es

ereates great concem in view ofthe danger for the population and environmeRt; badly

r}eeded reconstructioxx and modemization for whigh there are no suMcient fundng in

the budget.
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    An attempt to solve the problern ls undertaken by recently created Federal

Cemmis${on on Nuclear Wastes imagement and Interagency Cornmissien oR

Geologic Burial. The GovemmeRt adopted a Federai Nuclear Wastes Program for

l996･-200S which named Minatom responsible for all operations within the Progt-gm.

Tke gegi$koegage provisions on waste managernent Rre covered by the digtft lavv '`On

Radioactive Wastes Management". which is expected to be adopted soon by the State

Duma.
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eveft'vfiexyy eftke earreRg sgagkks eff radagawive vvaste RAW

                     patgaR twR sa
                                       Prepared by Andrei ZOBOV
                                                  Senior Advisor

                                         Carnegie Moscow CeRter
                           for par}el discussion on RAW management

                                 at the 30th JAIF Annual Combrence

                                            Tokyo, Apri1 1l, 1997

     I thank our distinguished hosts -- the Japan Atomic Industrial Forum

for invitation to this important meeting. My presentation here is based on

independent sources and expertise; facts, figures and coRclusions given

below do not necessarily coincide with official ones.

     in preparing this presentation I relied sgbstantially on the "Nuclear

Encycopedia" recently published by Yaroshinskaya Foundation - an NGO in

Moscow. I hear that this beok is being translated from Russian into Japanese

for publication in this country.

     Like in other nuclear weapon states, RAW managernent in Russia

from the very beginning was based onthe requirements ofnuclear weapons

production. To vvin the arms race vvas the ptmary goal and the kaW

problem was put aside until some time later in the future. in the case of

Russia this postponement tactio is Row proving itself to come to a dead-end:

the country now has up to l.7bln Cu ofliquid medium and low level waste,

plus 7.2bin Cu ofhigh active waste and from 2.4 to 5bln Cu in spent fuel.

And that is in addition to the radioactivity in coRtaminated envirorment.

According to the available data the volume of RAW by 1996 was at the
level of650mln m3. 90% ofthat amount is from military production and 99%

ofboth the amount and radioactivity is ofthe Russian Ministry for Atomic

Energy (Minatom) origin. The figures do not include RAW from nuclear

weapons testing and the so-called "peacefu1 nUclear explosions". By the

way, according with the existing national legislation spent fuel iR Russia is

coRsidered RAW unless it is destined fbr reprocessing and reintroduction

into the fuel cycle.

     The problem of RAW in Russia as a continuing ecological threat is

unfortunately rather far from its proper solution. Quite a number ofexperts

claim that the whole waste management system in Russia falls behind the

IAEA and other intemational standards. There is still no proper

comprehensive national list oftempo,rary storage and permanent burial sites

for RAW in R"ssia. Huge amounts af loose wastes create great concern in

view of the danger fbr the population and environment. Reconstruction and

modernization of RAW facilities are badly needed for which there is no

sufficient funding in the budget.
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     An attempt to solve the problem is undertaken by recently created

Federal Cornmission on Nuclear Wastes Management and interagency

Commission on Geologic Bmial. The Goverrment adopted a Federal

Nuclear Wastes Program fbr 1996-2005 which named Minatom responsible

for all operations withir} the Program.

     :tg:k£kggggs±s}gggg}gxtgag!s}ggs-g}g.!us]kb gco*ceetrratReitseff]RAWfrommilitaryandcivi1nuclear

activities are located at three sites:

     1. Mayak at Ozersk (Chelyabinsk-65 and Chelyabinsk-40) in the

Urals is well known fbr the disaster in 1957 which released 20 mln Cu over

the area of23 OOO sq.kn. During 40 years of its history Mayak piled up

more than lbln Cu of RAW.
     2. Tomsk-7 the Siberian Chemical Combine at Seversk with 50

considerably well isolated storages in deep geological fbrmations down to

260-450 meters deep. Total amount ofliquid RAW pumped underground iR
Tomsk-7 is about 40mln rr}3 with 1.Ibln Cu ofradioactivity.

     3. Krasnoyarsk-26, the Mining-Chemical Combine at Zheleznogorsk

with 800 mln Cu ofradioactivity. All three plants produce RAW in

radiocheinical reprocessing operation. These plants are objects ofrecent

intensive cooperative international activity to improve nuclear safety and

secunty.

     The Mayak RT-1 pgang in Chelyabinsk is reprocessing spent fuel .

from some VVER, research and naval reactors. It has a capacity of400 tons

a year. Each ton makes some 600 OOO Cu of RAW with the accumulation of

1OOmln Cu of RAW annually. An important practical problem with the RT-1

reprocessing plant is that the vetrification facility there had to stop

functioning in the end of1996. A new vetrification facility at Mayak will

become operational only in l999. So the situation with high active liquid

wastes is becoming more and more serious every day.

     The second reprocessing piant RXr-2 for other reactor types fuel with

the capacity of 1500 tons a year was to be constmcted at Krasnoyarsk-26.

However due to lack of funding the construction work stopped and so far

only one spent fuel storage was built therel it is operational now.

     There are many conflicting views on tke f"ggre gf the RT-2

reprocessing plant. N(}O's, ecologists aAd GAN -the Russian equivalent to

NRC- are against the construction, argue that there is no proof fbr its

ecological, health and technological safety. The final verdict is expected.

from the Federal Ecological Expert Commission. The situation with cost-

effectiveness fbr RT-2 operation is far from clear. Ifthe plant were to take

foreign spent fuel for reprocessing then it could theoretically make certam

profit and be economically sound - and that is only in case of guaranteed

shipments of foreign spent fuel fbr reprocessing. However the Russian Law

on Environmental ProtectioR prohibits import to Russia of RAW for
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temporary or permanent disposal. To overcome this simation President

Yeltsin adopted a special Order ofJanuary 25, 1995 allowing for import of

fbreign spent fuel for reprocessing. The Govemment argued that 1)- the

intention is to take Rot RAW but spent fuel and 2)- the spent fuel is from

foreign NPP's built by the Soviet Union; the construction of these NPP ar}d

providing them with fresh fuel was conditioned on the retum of the spent

fuel to Soviet UnionlRussia. The local authorities in kasnoyarsk and the

State Duma brought the case to the Constitutional Cout ofRussia. However

the Court was unable to produce a properjudgement on the alieged ground

that the Presidential Order in this particular case was not of"norm making

£haracter" and therefore not to be subjected to a Constitutional Court ru1ing.

Sothelegalsituationisstillunclear. '

     The national patriots in Russia and especially in the State Duma are

very loudly opposed to having any "garbage" Ruclear material from abroad.

However there is a growing understanding espacially in the academic circles

iB favour ofnot loosiftg possible benefits from a new industry - rnake use of

the specific geographic, climatic, seismic and demographic situation ofthe

huge Russian territory and eam money by reprocessing and stotmg

radioactive materials from abroad. ･
     In March 1995 The Russian Secmity Council interageRcy

Commission on Ecological Safety considered the item of ecology safety in

the nuclear fuel cycle. It found that the scientifically proven ecologic and

economic criteria and merits assessments ofclosed and open fuel cycles

have not been properly developed in Russia. The Commission requested

Minatom and other agencies to work out and submit to the Government such

criteria and assessments fbr the purpose of formulating the concept ofsafe

development ofngclear power in 'the country. This work has not been done

yet.

     The proper assessment of RAW situation much depends on which

concept of the nuclear fuel cycle is accepted in the country- ahe cgesed oy

o ext f"eg c cge. In practice the fuel cycle in Russia can not be considered as

a completely closed one because, fbr instance, Pu frem NPP spent fuel is

kept in special storages at Mayak RT-1 plant and not yet retwmed back to

the fuel cycle. Thus at the moment this Pu is practically a RAW. On the

other haRd the fuel cycie can not be quite open because there is no final

stage ofpermaneRt disposal aiid both RAW and spent fuel are so far put into

temporary storage. So both types ofthe cycle have important element of

transltory Rature.

     Minatom has made its choice squarely in favor of the closed type of

nuclear fuel cycle. To materialize this choice the Mifiistry has to take into

account several criteria of RAW management.
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     First, the need to lower the geogexgasioge aitdi egevfieregegggegeaaE rasks. If

the closed cycle were to be proven to lead to higher risks, then this cycle is

unacceptable irrespective ofpossible economic attractiveness artd benefits.

How to solve the problem of increased quantaties of RAW resulting from

the closed cycle choice is not clear. Anoiher problem which is still difficult

to solve - insufficient storage space for midium and low active waste.

     ¢ost-efffectivemess. Ofcource the closed cycle RAW reprocessing
opportunities might attract much needed investments from foreign nuclear

industries. But very much depends on concrete situation in the world

markets. The official figures might show that totai expenditures on RAW

and spent fuel reprocessing in the closed cycle to be 1O-l5% lower than

storage and pernianent disposal expenditures in the open cycle. However

there are some independent calculations showing that the closed cycle costs

might be 1O-30% higher than in the open cycle. To make the correct

calculations in this regard very much will depend on whether Russia will

succeed in making the storages less expensive and making its sales of

uranium and emichment-reprocessing services more attractive to foreign

markets.

     Confbrmity with the existing ReggsEaeEoit provisions. The Govemment,

if it wants the public opinion to accept the closed cycle, has to completely

convince it of the benefits of accepting foreign spent fuel and RAW fbr

reprocessing and storage, and to change the existing legislation accordingly.

     Nuclear keit-progaferatiept considerations relevant to each ofthe two

types ofthe fuel cycle are well known and are still debated hotly not only in

Russia.

     There is quite a number ofconsiderations unrelated to the type of fuel

cycle which are to be taken very seriously

     Russia is not yet guaranteed against the threat of a serious pelliticaR

aRd seciag ckaxge or an attempt ofsuch change. Together with a fast

growing interest from some regue stktes kitd neit--gevergeffneitt gre"ps in

obtaining fissile materials it makes it absolutely imperative to provide

reliable measures of RAW safety and security. International cooperation

plays an extremely important role in this area. '
     In1996eighttrainloadsofgRLsAL.wges}g]aWfreggetheNa (sixfromthe

Northern Fleet and two from the Pacific) were {ransported from the

submarines and local harbor storages to more permanent storage facilities -

mainly in the Mayak. The plan now is to remove some ten train loads per

year so that by the year 2000 all Navy spent fuel is removed

     UseofgsogosggegKkedgcEitegitd$sS egc.andotherusesoffissile

materials outside ofpower production led to the accumulation of200 OOOm

of wastes with 2 mln. Cu activity. The management ofthat amount is the

sole responsibility ofa State Company called RODON having 16 plants all

3
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over the coimtry. Its central research base is the Bochvar institute ofNon-

Organic Materials. The system is operative, successfully or not, since late

60-ties.

     itlEg}s}.II>lg}pa!R!&g-L£gisggpts}2!!..gSet{g!]nggs}..glgAWgL.B]!!ssEgh Nti aL gti Rgsi gRAWllitRassska.Fromthe

very begimiing al1 nuclear activities in USSRIRussia were kept secret and

nobody was speaking of any public laws in this area. Things began to

ehange in real terms only in 1992 when the Parliament elaborated two

nuclear related laws - "On Utilization of Atomic Energy" ar}d "On Natienal

Policy in Radioactive Wastes ManagemeRt". These Laws were adopted by

the State Duma in 1994 but the President signed only "On Utilization of

Atomic Energy" and vetoed the Wastes Law. The prevailing opinion among

independent expert is that this was done under lobbying pressure of the

military establistment and Minatom. These two organizations opposed the

Wastes Law mainly because this Law did not permit disposal ofmedium and

high active liquid RAW and also prohibited any disposal of any RAW onto

the open ground or into rivers and lakes. The Law also coRtained the strict

rule that high level RAW could oRly be buried in solid form and in

explosion- and fire-proof state, into deep seismic-proof geological

formations. These legislatioR provisions weuld 'drastically toughen the whole

national practice ofRAW utilization and memagement. This leads to the

situation when Minatom might think to be much better off without the

Wastes Law. The absence ofthis Law does not help elaboration ofa

national RAW management concept.

     ]RAW kRd pubRic gitformixatioit, transpaxeRcylepenness. Despite

recent visible successes in Russia in ecological iirformation openness and

legal protectioR measures in comparison with the Soviet period, some ugly

SovieUype problems cofitinue. A latest example- the case ofretired

Northern Navy ofEicer Alexander Nikitin who provided a Norwegiar}

ecelegy group BelloRa with certain ecological data relating to RAW

situationin the Russian North. He is accused ofbetraying state military

secrets. His case is still in court and very much is still unclear. Russian

ecologists argue that the military must recognze that national security is not

confined to defending against a potential external enemy, but comprises also

a no less important ecological component and therefore publicity is not

necessarily a betrayal.

     Cgoseitess of itesc]ear fa£iigties kitd wtW go deitsiy geopwikted
3reas. The most sniking example -- Kurchatov institute with its 28 nuclear

sites is only l5km away from the Kremlin in the center ofMoscow. Another

example -- Tomsk-7 Plant - the huge Siberian Chemical Combine. with its

oflicial lbln Cu of RAW is onlyi 1' Okm from Tomsk.
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     Another problem in RAW nianagement - depSk off paEftxpixg for

geoRegicag beerRal is not deeper than 450m (in Tomsk-7), which accerding

to many experts is not deep enough

     IntemaatieitaR eg}fOrgs for radioactive waste mniaita eKstient aged the

R"ssiaR roge. An internationally recognized consensus has developed

namely that the prime responsibility fbr safe management ofradioactive

waste, including storage and fuial disposal, rests with national govemments.

The promotion of an effective safe wastes management culture in each

country requires a supportive economic and legal environment and

iRtematioBal transparency.

     However in light of the consequences of a maj or nuclear disaster it is

ofthe first importance to continue to enhance international collaborative

efforts to promote safe waste management worldwide.

     A promising endeavor in this area could very well be establishnent of

regional storages for RAW. Russia supports international efiiorts in this field.

This now becomes an interesting topic during bilateral and multilateral

discussions.

     Significant effbrts have been made in Russian Federation towards

safer waste management independently and also in cooperation with

multilateral and bilateral programs. This ethrt follows the guidelines ofthe

Moscow Summit of the Eight Powers exactly a year ago on Nuclear Safety

and Security. But of course further substantial eflibrts are still required

     EitterRatgoitaR Coitventioit oge the Saifety of wtW twganagegneRt.

RAW management issues are increasingly important to the public perception

ofnuclear energy. Therefbre the Convention on Nuclear Safety contains an

affirmation ofthe need to develop a convention on the safety ofRAW

management. Work on elaboration ofthe Convention on the Safety ofRAW

Management started began in 1995 and is progressing. Russia actively

supports this excersize in the understanding that this Convention will be

usefu1 to ensure that countries properly manage their waste to avoid

unacceptable risks now or in the future to both the public and the

envlronment.
     CoxgiKgkitKggents on eceait D"mrgpiitg. In 1996 Russia finallyjoined the

1993 amendment to the London Convention to ban sea disposal of all RAW,

including low-level.

     In 1993 Russia discharged low level liquid wastes into the Sea of

Japan. Ajoint Russian, Japanese and Koreait study was conducted.

     The IAEA has undertaken a 4 year International Arctic Seas

Assessment Project to assess the health and environmental risks and to

examine possible remedial actions. There are alsojoint Russian/Norwegian

scieRtific cruises in the Kara Sea. As the Russian Federation does not

currently have sufficient capacity to treat low level liquid waste from their
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Nerdic and Pacific nuclear fieets, Japan, the United States, the Nordic

oeimtries and the Republic ofKorea are assisting Russia through bilateral

tmad multilateral channels in construction of waste treatment facilities.
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97年原産年次大会／「エネルギーの廃棄物にいかに対処するか」

日本生協連

品川　尚志

1．日本生活協同組合連合会とは、全国の700余りの生活協同組合が加入し

　　ている連合会です。全国の生協を合計すると、組合員数194／万人、1

　　年玉の総事業高（殆どが小売事業としての販売高）は3兆4000億円弱

　　というのが今年3月末の実績数値です。これまで口癖の生協は、特に「食

　　生活の安全と安心」を中心の柱に活動と事業を進めてきました。

　　90年代に入ってからは、それだけでなく福祉、健康、環境、平和といっ

　　たより広いテーマを掲げて運動を進めています。

2．地球環境を考えるとき、これまでのような生産性最優先ではなく環境保全

　　型の社会経済システムに転換していくことが、極めて重要です。このテー

　　マに日本の生協として挑戦する上で、広範な市民自身のくらし方と生協自

　　身の事業のあり方を、率先して環境保全型に切り替えていくことを重点に

　　しています。

　　具体的には例えば牛乳パックの回収運動を進めています、95年に生協で

　　集めた量は6660トンで、これは全国で回収されている牛乳パックの3

　　～4割にあたります。食品のトレイやペットボトルの回収も進めています。

　　こうした活動を進めるこ：とによって、市民にとっては日頃のくらし方をリ

　　サイクル型に切り替えていくきっかけになり、商品流通のシステムの中に

　　リサイクルのルートを組み込んでいく契機にもなく・ています。もちろん回

　収した資源を商品化し、それを利用するくらし方も広げているわけです。

　　しかし、そうした活動を市民の中に広げていくと、　「生協は消費者にはリ

　サイクルを言いながら、自分の店では裏に回ると毎日膨大なゴミを出して

　いるではないか」という批判も広がっていくという関係になく・てきます。

　そうした批判にきちんと応えられる流通事業体になっていくために、環境

　マネジメントシステムを導入し、いわば恥部を含めてその結果を毎年公表

　　して理解を広げています。その外にも環壇保全型の商品開発を進め、環境

　保全のための様々な市民活動に取り組んでいます。

3．このような活動を進めている生協の場から、核廃棄物を巡る間題について

　　思うことは積極的な情報公開と市民参加ということです。

　　もんじゅや東海村の事件で、できるだけ公開の範囲を狭め、遅らせるとい
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つた対応が印象づけられています。情報公開についてのこうした対応や印

象は、核廃棄物の安全性そのものの閤題以上に、国民の不信を増幅させ

核の平和利用の道を自ら狭めているという現実を直視すべきでしょう。

原子力発電にこれだけ多くを依存している日本の現実にあって、核廃棄物

問題が国民全体にとって避けて通れない悶題であることを、後ろ暗さを秘

めてではなく、もっとおおらかに率直に理解を求めることが必要です。個

別の施設についても、地元住民やそぬ推薦する専門家の、建設の計画から

稼動後の定期的な検査までへの参加を可能な限り組み立てることです。

また生協では、長年にわたって核兵器を地球からなくす運動にも取り組ん

でいます。オール地球で核の軍事利用の道を完全に閉ざすことは、平和利

用への国民の理解を広げる大きな要素になると思います。原子力産業の立

場からも、そうした面で市民と共同することで理解を深め合うことなども

お考えいただいたらいかがかと思うものです。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　以上
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私のえがく「アジアトム」

日本原子力産業会議副会長

　　　村田　浩

　最近の数年、停滞する西欧やロシアの経済情勢の中で中国をはじめ東南アジアをふくむアジア

地域の著しい経済発展ぶりに注目が集まっている。特に経済成長の高い国々では年率10％を越

え、アジア地域全体の平均でも率6－7％をこえている。このような急速な経済発展と増大する

人口増等のため、アジア地域のエネルギー消費量増加も著しい。特に地域社会の近代化にともな

い電力需要増は極めて大きく、国によっては年率三5％にも達する勢いである。

　こうした高い経済成長、人口増に対処するために、21世紀にはますます大きく中東地域の石

油に依存せざるをえず、再び重大な石油危機、そして石油争奪戦が展開されるおそれがあるであ

ろう。

　このような見通しに対しては、いまから各国が協力してエネルギー供給力の増加、特に電力資

源の急速な開発が不可欠であることは、多くの識者の等しく指摘するところである。さらに炭化

水素資源の利用増大にともなう環境汚染を考えれば、行き着く先は原子力発電計画の強力な推進

ということにならざるを得ないであろう。

　しかしその一方において、高度の技術力を必要とする原子力発電のアジア地域における拡大に

は、安全性確保等の点で危惧の声も聞かれる。しかしエネルギーの問題を放置するわけにいかな

いのは自明であるとすれば、いかにしてアジア地域の原子力安全を確立できるかが、問題の解決

につながる。

　1995年末現在のアジア地域諸国の原子力発電開発状況を見ると、運転中69基、建設中1

0基、計画中20基で合計99基となっている。これはほとんど現在の米国の合計110基に匹

敵し、21世紀半ばまでにほぼ三50基にのぼるのは必然とみられている、このような見通しか

ら先進工業国側はそれぞれ原子力発電所の売り込みに力をいれており、その成果も上がりつつあ

るようである。

　しかし原子力発電の急速な地域的な発展に国際的に対処するためには、数量的に増加する原子

力施設に対する安全保障措置と安全性確立が絶対の要件であり、また原子力発電規模が増えるに

ともない、これを支える核燃料サイクルの確立が大きな問題となる。

　現在のところ我が国と中国を除いては核燃料サイクル政策は未確立であるが、今のうちから原
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子力発醗展の重要な課題であ破全僻制度と核燃料サイクル確立とをアジア地域の新たな

制度として蝦させるべく・一つ聾な地域システム・すなわち「アジアトム」の設立を構翫、

その実現に協力していくべき時ではないかと：考える。

　「アジアトム」という名称からは・直ちに「ユーラトム」が頭に浮かぶが開発の歴史、地域の

経済・社会構造・文化等の違いから見て・「ユーラトム」のアジア版というわけにはいかないで

あろう。

　私のえがく「アジアトム」では一方で国際原子力機関（IAEA）の保障措置を補完する機能

をもち、併せて地域内諸国に将来必要となる核燃料サイクル施設を各国が分担することにより、

地域の協力体制を一段と強化し、平和利用に徹する原子力計画の健全かつ能率的な地域協力を確

立させることにあるとおもう。
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ASIATOMmA Personal View

                               Hiroshi Murata

                               Vice Chairman

                      Japan Atomic Industxial Foxum, Inc.

In recent years, attention has been paid to remarkable ecoRomic growth in the

Asian region, including China and the Southeast Asia, amid the stagnant economic

conditions in the West and Russia. In some countries with high economic growth,

the growth rate has exceeded 10 percent a year, and even the average annual

growth rate is over 6 - 7 percent in the whole Asian region. Because of such

rapidly growing economy and increasing population, eneTgy consumption has also

remarkably increased in the region. Especially, with modernization of local

communities, electricity demand is sharply growing, at a rate of as high aS nearly

15 percent a year m some countries.

To cope with such high economic growth and population increase, the nations are

obliged to be more dependent on oil produced in the Middle East region. This

situation may give rise to another serious oil crisis and lead to a fierce competition

for oil. Regarding such prospects, many insightful people have pointed out ehat it

is essential for the world nations to work together now to increase energy supply,

especially to develop power resources quickly. Considering the environmental

pollvttion caused by the increased use of hydrocarbon resources, we canRot but

conclude that the strong promotion of nuclear power generation is the only way to

go.

On the other hand, some people show concern aboutthe assurance of safety, in the

face of the Asian region's rapid growth of nuclear power generation, which requires

sophisticated technology. It is evident, however, that we cannot leave the energy

shortageasitis. Theimportanetaskthereforeistoestablishnuelearsafetyinthe

Asianregion. ThiswMleadtothesolutionoftheproblem.

As for the nuclear development situation in the Asian region as of the end of 1995,

69 uRits were in operation, 10 units under construction, and 20 units at the

planning stages. This means the region will have a total of 99 units. This

Aumber is almost equivalent to those units owned by the United States-110 unies.

It is expected that the Asian countries wM have nearly 150 units by the middle of
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ehe 21st century. From such a perspective, the industrialized nations are making

efiiorts to sell nuclear power plants to the nations in the region, and are achievi"g

considerable results.

However, to internationally cope with the rapid nuclear power development in the

region, it is absolutely necessary to ensure safety and to provide the safeguards for

the nuclear materials which are growing in quantity. Furthermore, with the

increase in nuclear power generation capacity, it is becoming increasing}y

important for the nations to close the nuclear fuel cycle supporting it.

At present, only Japan and China have succeeded in closing the nuclear fuel cyc}e

in the region. It seems to me that it is time to plan the establishment o£ aR

important regional system, namely, "ASIATOM," and to work together to realize

this new system, under which we should promote the establishment of the

safeguards system and the closing of nuclear fuel cycle.

The name "ASIATOM" will immediately remind us of "EURATOM," but in
consideTation of the differences in the history of nuclear development, regional

economy, social structure, and cultures, it will not be appropriate to call this

system an Asian version of "EURATOM." "ASIATOM" which I picture would

have functions complementing the safeguards provided by the International

Atomic Energy Agency (IAEA). At the same time, the member nations would

share the nuclear fuel cycle facilities which will be needed in the region. By doing

so, the nations could further strengthen the regional cooperative system to realize

a sound and efllicient cooperation in developing nuclear power exclusively for

peaceful uses.
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　　　　　　　　　　　　　私がえがく「アジアトム」

　　　　　　　　　　　　　日本原子力産業会議副会長

　　　　　　　　　　　　　　　　村　田　　浩

　　　　　　　　　　　　　　　　　　　1

　チェルノブイリ原子力発電所の事故が発生してから10年が経過した。この間の世

界の原子力発電状況をみると、西欧諸国の原子力先進国での新規建設が、ほぼ全面的

に停滞するなかで、この数年のアジア地域における原子力発電計画の進展が目立っ。

この地域にはわが国をはじめ韓国のように既に庶出基～数十基の原子力発電所の建

設運転を着実に発展させてきた国もあるが、最近数年の状況をみると、世界の中で経

済成長の著しい中国をはじめ、アジア諸国の原子力発電計画への参入とその増設がめ

だち、先進工業諸国から輸出市場としても大きな関心が寄せられている。

　「アジアの基礎指針（D」によれば、1985年～94年の10年間のGNP成

長率は、日本は3．2％に対し、中国7．8％、インドネシア6．0％、韓国7．8％、

マレーシア5．6％、タイ8．6％、フィリピン1．7％である。また、人ロー入当

たりのエネルギー消費量（KOE）は、日本の3，825に対し中国647、インド

ネシア393、韓国3，000、マレーシア1，711、タイ770、フィリピン3

64と、日本、韓国、マレーシア以外はすべて1，000以下である。このような情

勢の中で、わが国はどのような政策の下にアジア地域の発展に有効な協力を行うべき

であろうか。

　そこで21世紀には逼迫が予想される化石燃料への有力な代替エネルギーとして、

アジア地域においても原子力発電が推進されるのは必然の成りゆきではないだろう

か。しかしアジア地域諸国の大半が、なお開発途上に属することから、原子力発電計

画の発展に危惧を抱く向きもあるようである。それは原子力発電計画の推進に不可欠

な要素である「安全保障」　（核兵器への転出防止）と「安全性確保」の面で、開発途

上国側に充分な人材、資産、技術が欠除しているのではないかという点であろう。し

たがって、アジア地域での今後の原子力発電計画の推進に当たっては、わが国を含め

先進工業諸国がこれらの要素を充分考慮に入れた技術協力、経済支援策を確実に推進
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しなければならない。

　ここで・アジア地域諸国の経済情勢を見る一助として・少し古いデータであるが

1994年世界年鑑（World　Almanac）によるアジアの基礎指標（恥

を示したい・この表によれば・日本と韓国を別とすれば多くのアジア地域諸国は、な

お発展途上に入ることは明らかである・これらの基礎指標はおおかたの人々の予想、

予測と大きな違いはないかと思われるが・ひとつ特に指摘しておきたいのは「識宇職

である・韓国の識字率がやが国と並んで高いのは当然としても・フィリピン、インド

ネシア・タイ・マレーシアも80％以上を示しているのは・教育の普及と無関係では

ないと思われる。

　さて、これらアジア地域諸国に対する技術協力、経済支援等についての具体策とな

ると、いまのところ個別的な協力計画或は発電所建設計画は見られても、将来を見据

えたアジア地域全体を包含する組織的な協力支援体制はできていないし、各国バラバ

ラの援助活動（もっぱら商業的な）に委され、しかも発電所建設だけが対象とされ、

長期にわたりこれを活動させるための不可欠な部門、すなわち核燃料サイクル関係の

支援協力構想が見られない。いうまでもなく原子力発電が地域或いは個々の国の電力

源として長期にわたり有効に寄与するためには、原子力発電を支えるフロント・エン

ド並びにバックエンドの整備がなされねばならない。

　わが国においては　原子力発電の規模が大きく、国内市場のみを対象とする核燃料

サイクル事業が成立しうるが、アジア地域の多くの国では一部を除き、自国内に核燃

料サイクル施設のすべてを整備することは極めて困難であり、安全保障並び安全性確

保の上からも問題を複雑化するのを免れない。ここにおいて域内の共同的核燃料サイ

クル事業を含む協力計画を、現時点において構想し最も有効な原子力発電システムを

考えておく必要があると考える。このような地域的協力構想をここで一応「アジアト

ム」と呼ぶこととし、私自身の考えるアジアトム構想の概略を披露し、関係者の議論

の材料としたい。

　なお「アジアトム」という名称は、直ちに現在欧州に存在する「ユーラトム」を連

想させるが、その内容はかなり違っており、単にユーラトムのアジア版といった解釈
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では将来にわたり有効なシステムとして発展し機能するのは困難であろう。そのこと

は「ユーラトム」成立の歴史と機能と、ここで言う「アジアトム」とでは種々の点で

大きな違いがあるからである。また最近、「アジアトム」に対し米国、カナダ、場合

によっては極東ロシアを含めた「パシフィカトム」と言う意見も出ているが、この両

者を混用するのは焦点をぼかし、理解の一致にも多大の時間を要すると考えられるの

で、ここではアジア地域を対象とする「アジアトム」構想として、自分の考えるとこ

ろを述べるにとどめたい。
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II

　最初に私の考える「アジアトム」構想の要点を示しておきたい・まず「アジアトム」

とは二つの機能を併せもった地域メカニズムと規定する・第一の機能は「安全性」（安

全性については既に一部WANOが機能しているが）並びに「安全保障」のより効果

的な確保であり、第二の機能は「核燃料サイクル」事業の地域的整備である。

　第一の点については・これまでも国際原子力機関（IAEA）の保障措置（SG）

システムでカバーされており、その機能は現在策定中の「93＋2」計画の具体化に

より、これまでより一段と整備されることとなっている。

　しかし、ここでの商題は整備されるためには、IAEAの予算とSG要員の大幅な

強化を必要とすることである。そこで「ユーラトム」の保障措置制度をみると、ユー

ラトム諸国の原子力施設はまずユーラトム組織自体のSG活動でカバーされ、次いで

これをIAEAが検認（verify）する形で行われている。これによりSGその

ものは二重にチェックされ、IAEAのSG業務負担も或る程度軽減される。現在、

ユーラトム諸国に存在する原子力発電所は計145基、1億2，500万k宙であり、

研究施設等をふくむ原子力施設の合計は約440箇所に及んでいる。一方アジア地域

においては、現在のところ原子力発電所は計82基、6，172万kW、その他の原

子力施設をふくめると合計約170箇所であるが、21世紀にかけ次々と原子力発電

所等が建設、運転に入ることが予想され、一応の推定によれば2020年頃には合計

約300箇所、さらに2050年頃までには現在のユーラトム地域の施設数を上廻る

ことが予想される。これらには当然、核燃料を供給する施設（フロントエンド）とリ

サイクル施設（バックエンド）が加わる。したがって、原子力発電所の運転管理と廃

棄物管理処分が大きな負担となるおそれがある。

　また原子力発電所と異なり、核燃料サイクル施設を発電国がそれぞれ別箇に整備す

ることはきわめて不経済であり、かつまた安全保障上の問題も増加する。したがって・

いまのうちからアジア地域の将来を見越した核燃料サイクル施設の地域内共同利用

を図ることが、経済的にも、核不核散政策上も望ましく、また既に問題化しつつある

放射性廃棄物の処理処分対策上も有益であろう。
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巫

　ここで私の考えるアジアトム構想を例示的に述べるとすれば、まず核燃料サイクル

施設については、ウラン濃縮工場をオーストラリアに設置する。ここでは主として同

国で産出するウランを原料として豊富な水力を利用する。濃縮技術（例えば遠心分離

法）については、日本等の経験を生かして協力援助する。次に主として軽水炉になる

と思われるが、その燃料体（要素）の製造についてはζ既に国内に燃料製造施設を持

つ韓国の協力に依存する。或いは今後の見通しとして日本や韓国など海外からの技術

導入により、インドネシアに施設を設けるのも一策であろう。

　以上はいわゆるフロントエンドの施設であるが、問題はバックストリームの方であ

ろう。現在使用済燃料の再処理技術を有するのは日本と中国であるが、わが国が他国

の使用済燃料の再処理を引き受けることは、種々の面で大きな困難が予想されるので、

ここのところは中国にアジア地域共同の再処理施設をお願いする。この方針が実現可

能であるならば、再処理事業に伴う使用済燃料の長期貯蔵並びに高レベル廃棄物の処

分を併せて中国に担当してもらってはどうか。もちろんこのような提案を中国が如何

なる条件で受け入れるかどうか。現時点では全く不明であるが、前提としてアジア

地域全体の協力体制強化のために中国がこのような案件に協力的であること、併せて

資源的技術的に有力な地位にある日本及び米国の理解が不可欠であろうと考えられ

る。

　次に安全保障体制の強化についてはどうであろうか。アジアトム構想が実現すれば、

第一次の保障措置はアジアトムSG要員が、原子力発電施設並びに核燃料サイクル施

設の査察を実施し、これをIAEAのSG要員がチェックする。アジアトムSGの本

部は日本（例えば東京）に置き、所要経費の大半は日本政府が負担する。もちろんS

G要員はアジアトム加盟各国から専門家を出してもらう。このような安全保障体制が

実現できれば、域内諸国の原子力活動の交流が一層進展し、前述の核燃料サイクルの

地域構想の実現についても有効に働くのではないだろうか。

　以上に述べたことは、21世紀のアジア地域原子力活動の発展をにらんでの一つの

地域協力の考え方であり、その実現はもとより容易なことではない。アジアトムの実
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現をどのような体制で取り組むか漠大な所要資金をどのようにまかなうか・蠣な

人材が十分に得られるか等々困難な問題は目白押しにある・その一つ一つを解決して

いくには・大変な国際的努力が必要で漸り時間もかかる・しかしアジア地域の原子力

開発が21世紀に大きく発展することを考えれば困難な問題であっても今から関係

者が機会あるごとに取り上げ議論し・発展への道を探っていくべきではないかと考え

ている。　　　　　　　　　　　　　　　　　　　　　　’

　ここで、いわゆる「アジアトム」についての優れた研究について触れておきたい。

それは・東海大学の金子熊夫教授を中心とする「アジアトム」構想である。金子教授

は独自のグループ活動により数年前から「アジアトム」構想について提案し、アジア

諸国の関係者とも意見を交すとともに、「アジアトム憲章」の草案を起草し、構想の

推進に努力を傾注しておられる。私もそのグループ会合に出席したこともあり、大変

関心を寄せているが、本日の講演は直接にそれとは関連しておらず、私自身の責任に

もとつくものである。一方が政治面、法制面からのアプローチとすれば、他方は技術

面、経済面からのアプローチとみることができるかもしれない。いずれにしても「ア

ジアトム」問題が今後さらに各方面において一層討議されることを望みたい。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　以上
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第／表　世界の原子力発電設備容量

　　　　　　　　　　　　　　　　　　　　　　　　一1996年ユ2月31日現在＿

（万kW・グ・穐舳嫉

運転中 建設中 二二中 合計
国・地域 出力 基数 出力． 基数 出力 基数 出力

1 米　舅 10，538．1 109 10，538．1

2 フランス 6，103．3 56 606．0 4 3G3．0 2 7，012．3

基数

P0§

@62

@57
3 日　本 4，271．2 51 364．1 4 192．5 2 4，827．8

4 ドイツ 2β45ユ 20 2，345．1

5 ロシア 2，125．6 26 740．0 8 90L6 15 3，767．2

20

S9

6 カナダ 1，579．5 21 1．5795 21

7 英　国 1，417．3 35 1，417．3 3S

8 ウクライナ 1，388．0 15 300．0 3 200．0 2 1，888．0 2◎

9 スウェーデン 1，043．7・ 12 1，043．7 12

10 韓　国 961．6 11 610．0 7 200．0 2 1，771．6 2◎

11 スペイン 750．0 9 750．0 9

12 ベルギー 599．5 7 599．5 7

13 台　湾 514．4 6 270．0 2 784．4 8

14 ブルガリア 376．0 6 376．0 6

15 スイス 320．5 5 3205 5

16 リトアニア 300．0 2 30α0 2

17 フィンランド 240．G 4 240．O 4

18 中　国 226．8 3 60．0 1 ユ，000．0 11 1，286．8 ユ5

ユ9 爾アフリカ 193．0 2 193．0 2

20 インド 184．0 ユ0 88．0 4 588．0 12 860．O 26

21 ハンガリー 184．0 4 184．0 4

22 チェコ 176．0 4 194．4 2 370．4 6

23 スロバキア 174．0 4 88．0 2 88．0 2 350．0 8

24 メキシコ 13G．8 2 130．8 2

25 アルゼンチン 100．5 2 74．5 1 175．0 3

26 ルーマニア 71．0 1 264．0 4 335．0 5

27 スロベニア 66．4 1 66．4 1

28 ブラジル 65．7 1 130．9 1 130．9 1 327．5 3

29 オランダ 53．9 2 53．9 2

30 アルメニア 40．8 1 40．8 1

31 カザフスタン 15．0 1 15．0 1

32 パキスタン 13．7 1 32．5 1 46．2 2

33 イラン 229．3 2 152．0 4 381．3 6

34 キューバ 88．0 2 88．0 2

35 エジプト 187．2 2 187．2 2

36 イスラエル 66．4 1 66．4 1

37 ・トルコ 一 ｝ ㎜ 一

38 インドネシア 一 一 一 一

合　計 36，569．4 434 3，869．7 46 4，279．6 58 44，718．7 538
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第2表中国の原子力発電開発の現状

1．原子力発電開発計画
1996年12月末現在

状況 名称 炉型 万kW 工・予疋 運開・予 主　約予疋）
運転中 3基 広東省大亜湾1 PWR 98．4 1987年8月 1994年2月 フラマトム・GECアルストム

広東省大亜湾2 PWR 98．4 1988年4月 1994年5月 同上
秦山1期1 PWR 30．0 1985年3月 1994年4月 中国核工業総公司

小計 226．8

建設中 1基 秦山H期1 PWR 60．0 1996年6月 2002年6月 中国核工業総公司
小計 60．0

計画中 11基 秦山H期2 PWR 60．0 1997年4月 2003年6月 中国核工業総公司
群山IH期1 CANDU 70．0 （近く着工予定 2003年 カナダ原子力公社
秦山皿期2 CANDU 70．0 同上

広東省大亜湾嶺演1 PWR 100．0 1997年5月 2003年 フラマトム・GECアルストム

広東省大亜湾嶺漢2 PWR 100．0 同上

江蘇省連雲港1 PWR 100．0 1998年 2004年 ロシア原子力省

江蘇省連雲港2 PWR 100．0 同上

＊上記7基までが第9次5学年計画で承認済み
広東省大台湾嶺懊3 PWR 100．0 未定
広東省大亜湾嶺漢4 PWR 100．0 未定
江蘇省連雲港3 未定 100．0 未定

江蘇省連雲港4 未定 100．0 未定
ハ育 1，000．0

2．発電電力量内訳
1996年末現在

、 一里　　kWh 三口　％
ノ水力

ｴ子力
b言

8，720心
P，840億
@　140億

81．5
P7．2
@1．3

1’700心 100．0

＊総発電設備容量：2億3，000万kW

3．発電規模予測
（kW）

　　　　雪E　　　　　　　　田 　一一言B、　　　　　照

2000
Q010
Q020
　　　　275万
@　2，000万
S，　000～6，　000

2．9，』、

T．9億
W．0億

出典：中国核工業総公司陳肇博副総経理論文
　　於・第8回アジア地域原子力協力国際会議
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第3表　世界のエ．ネルギー資源可採確認埋蔵量

可採確認埋蔵量 可採年数

石　　油 9，991億バーレル 46年

石　　炭’ 1兆392億トン 219年

天然ガス ユ42兆立方メートル 65年

ウラン 208万トン 43年

（平成6年度原子力白書）
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　　　　第4表　日本の食糧、エネルギー資源の海外依存度

1．日本の統計／1996　（総理府統計局編より）

　　　　　　　　　　　　　　　　　　　　　　　　　　（1994年度）

　　　　　　　　　　　食糧：自給率　　　　　　　　　　　海外依存度

　　　　　　　　　　　米　　　75％　　　　　　　　　　25％

　　　　　　　　　　　小麦　　10％　　　　　　　　　　90％

　　　　　　　　　　　大豆　　　2％　　　　　　　　　　98％

　　　　　　　　　　　野菜　　89％　　　　　　　　　 11％

　　　　　　　　　　　肉類　　64％　　　　　　　　　　36％

　　　　　　　　　　　魚介類　76％　　　　　　　　　　24％

2．総合エネルギー統計（資源エネルギー庁長官官房企画調査課編）

　総合エネルギー需給バランズ（1995年度）

　　　　　　　　　　　石炭（103t）石油（103kD　LNG（103t）原子力発電（106kWh）

　　　国内エネルギー生産　　　6，952　　　862　　　－　　　　　269，127

　　輸入　　　　　　　　　119，771　267，916　　42，481　　　　　一

　　一次エネルギー総供給　126，723　268，778　　42，481　　　269，127

　　輸入依存度（％）　　　　騒5　　　99．7　　　100　　　　　0
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第5表　中国の中・長期経済とエネルギー資源需要の予測

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　⑳｛き｝

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（6簡

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　αミ〈音1

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（1／3）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（15倍）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（4倍）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（12倍）

　注1．計算値は1980年の価格に換算したもの。

　　2．1US＄鵠1．55人民元（1980年）

　　　第6表　中国における電力需要　（単位：兆kWh）

1980年 1985年 199◎年 2000年 2030年

GNP億米ドル） 2736 4597 6600 12030 51990

エネルギ儒要（標準炭換算億t） 6．02 8．41 9．91 14．1 34．5

電力需要　　　　　σヲkWh） 300．6 407．3 550 1200 5186

茸ルギー消費量

i1万米ドル当たり1t標準炭換算） 22．0 18．3 15．0 U．8 6．6

一人当たり　　（米ドル

fNP　　　　／人／年 277 439 593 962 3710

一入当たり年間（1t標準炭換算

Gネルギー消費量　　／人年） 0．61 0．8 Q．89 1．13 2．46

一・?当たり年間電力

ﾁ費量　　　　（kWh／人年） 304 389 494 960 3700

2000年 2015年 2030年 2050年

高位

?位
瘉ﾊ

1．47

P．28

Pユ1

4．06

R．29

Q．48

9．32

U．61

S．65

22．48

P3．40

W．65

第7表　予想される中国の原子力発電開発計画　（単位：万kWε）

20◎0年 2005年 2010年 2015年 2020年 2030年 2050年

第1計画

謔Q計画

350

R50

1000

P900

2000

Q500

3800

T000

6400

W400

13500

P7000

30000

R5000
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第8表　韓国のエネルギーおよび原子力発電開発の見通し

1．経済およびエネルギー事情

　　　GNPの伸び　　　　　　8．2％　（1994年）

　　　　　　　　　　　　　　　9．0％　（1995年）

　　　輸入エネルギー依存度　　96．4％　（1994年）

　　　　　　　　　　　　　　96．9％　（1995年）

2．原子力発電開発計画

　　　　　　　運転中　　11基　　961万6000kW

　　　　　　　建設中　　7基　　610万kW

　　　　　　　計画中　　　2基　　200万kW

　　　　　　　合計　　　20基　1771万6000kW

　　　　　　　＊1995年に改訂された長期電力需給計画によると、

　　　　　　　　さらに8基の建設に着手し2010年時点で

　　　　　　　　合計27基を運転させる予定。

　　　　　　　　（古里1号楼は2009年に廃炉予定）

3．2010年における電源別設備容量

　　　　　　　　　　　設備容量（万kW）　　　比率（％）　　　発電シェア（％）

　　　原子力　　　　　2，532．9　　　　　33．1　　　　45．5

　　　石炭　　　　　　2，170．0　　　　　27．3　　　　35、8

　　　天然ガス　　　　2，201．4　　　　　27．7　　　　14．0

　　　水力　　　　　　　598．0　　　　　7．5　　　　1．4

　　　石油　　　　　　　　353．0　　　　　　4．4　　　　　3．4
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第9表　台湾の原子力発電開発状況

原子力発電所 電気出力

醐
金山　1号 60万四 BWR運

　
　
転
　
　
中

金山　2号 60万四 BWR

国聖　1号 98万露 BWR

国聖　2号 98万婿 BWR

馬豊山1号 95万姻 PWR

馬鞍山2号 95万婿 PWR

龍門　1号 130万婿 ABWR計
画
中 龍門　2号 130万kW ABWR

　　　　　第／0表
発電設備容量

台湾の電源構成（予測）

原子力 石油火力 石炭火力 水　　力 LNG火力

1994年 24．5％ 25．◎％ 28．1％ 17．4％ 5．0％

2001年 22．2％ 13．9％ 24．9％ 142％ 24．8％
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第11表　インドネシアの一次エネルギー供給割合（％）

一次エネルギー別 1990年 2000年 2010年 2019年

石油 60．21 60．79 51．14 34．34

ガス 32．52 18．60 7．01 3．41

石炭 5．72 工8．21 35．55 54・2♀

原子力発電 O O 3．92 6．18

水力・地熱i等 1．55 2．40 2．38 1．79

第コ2表

第13表

　　　　　　　　　　　　　　　α漿太平洋原子力会議資料）

インドネシアの原子力発電開発計画（95年のF／S結果）

　2004年　　1号機　　　　60万～90万kW

　2015年まで合計12基　　　合計700万kW以上

タイの原子力発電開発計画（目標）

　2006年　　　1号機　　　　100万kW

　　　　　　　2号機　　　　　　100万kW

　以下毎年1基UOO万kW級）を増設

　　　　　　　　III－1－21
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原子力をめぐる地域協力と地域安定

米国エネルギー省核不拡散安全保障局国際政策分析室室長代理

　　　　　　　　　　　　E．フェイ

　原子力の地域協力について、地域の安定化という観点から論じることとする。

　アジア北東部は、政治的に緊張した不安定な地域である。同地域の諸国の原子力活

動は、しばしば地域の安定を脅かしてきた。核兵器武装を幾度も考えてきた国もあり、

同地域は核拡散の危険が大きい。

　保障措置を受けずに進められてきた北朝鮮の原子力計画は、地域的に大きな不安定

要因になっていた。しかし、関係国間で枠組みについて合意が得られ、朝鮮半島エネ

ルギー開発機構（KEDO）が創設されたことによって、協力と安定化に向けて状況

を転換することができた。

　地域協力はKEDOおよび枠組み合意の事例を土台にすべきである。

　核燃料サイクル関連の活動は、地域内の対立要因にするのではなく、安定化および

協力関係を促進するために利用すべきである。そのためには、技術的な方策と政治的

な方策が考えられる。両方策は調整すべきだが、それぞれ独自に進めることができる。

　技術的方策は、電気事業者、準政府機関、研究機関、民間人、政府など、様々な機

関によって実施できる。以下に例を挙げる。

　一原子力安全協カ

　一使用済み燃料管理の協カ

　一原子力活動の透明性の改善（相互訪問、研究会、検証実験など）

　一電気事業者グループや原子力産業界の国際的な意見交換

　一聯物質管理の標準化

　一KEDO
　一理辺での米国と北朝鮮の協力関係

　政治的方策によって、地域協力のための舞台や枠組みを作ることができる。

　一APECやARFの会議宣言
　一1国、2国間、および多国間による原則の宣言

　一国際協定

　一回目の技術的措置を管轄できるようなPaci£icatomなどの国際機関国際的な原子

力協力では、原子力産業界の利益のみを追求するのではなく、地域諸国間の理解と関

係改善にも貢献すべきである。
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A$ia$ Regi$itgR SeebSgEgy ftitdi Neq£#egr Fmaeg Cycges

A, $#gge eeegagit$g Seaakgegity

                                                        L-      Since ww NQrtheR$t Asia has, been a regio: ofconsiderable instability etncl the region

vvith the greatest risk eflarge-scitle nuclear weapon$ prolifefatiofi. Soufces ofiRstability inelude:

the KereEin VVar, war$ ifi Vietnam, confirontaticns over the $tatus ofTaivvag the lack ofpeace

freeties to finally end WW II and the Korean War, divided counnies, rising Rationalism,

increasipgmiiiteifyexpeRditures,andg' lackofaiegieRalsecurityfiratnewerk. {

      IR such a situatiofi, perhaps ehe rnost ifnportant goal foT Northeast Asiaft gtates is to avoid

eonfiict and to build a regionai seeurity arehitecture that will be the foundation for economi£

grewth. and trade.

      'T}}e questioRI will address is, what a]re the implications ofnuglear fuel cycles in Asia upon

Asian regionul stal)ility? Is the region more stable or less stable because of nuclear programs?

   t

trkee Ejfikcg ef Neecaeeapt Pec@gwossgER$ eee R£ggeitaP SgpabS#iity

      The simple fact is tha£ rmclear activities of states in Northeast Asia have at times gr¢atly

coRtributed to regioxxal instability and teRsiofi. Today there are three n=clear weapons states in

Asia - Russia, China, and the United States. Kowever tl}ere have also been repeated efforts by

o2her s£ates in the region to acquire nuclear weftpons, Had these effbrts succeeded, Northeast
Asia might have beeR the logation ofa halfdozeft nucleEif weapons states instead efonly three.

For exaulple, a$ late.as 1970 Austfalia, which is today a strot}g supporter o£the nuclear
ftonproliferation regime, was giving serious consideration to the acquisition of nuclear weapon$.

      'While the story i$ not over, i£ is possible to $ee Northeast "S3ssia as a nuciear weapons
nonpfoliferEytion succes$ $tory. Despite the very higk risk of nuclear wettpons proliferatioR, it has

not yet occurred. Xt is lmportant to note that the so-fa[ $uecessfu1 effbrts to,prevens nuclear

weapon$ prolifefation have reiied not oniy on' the so-called nuelear Ronproliferation Tegime, but

moresignificantlyenthendhocbilateralandmultilateralrespoRsesofindivid"alstates. '

The geraEgaeweTk AgreexgMeet gstd ]K]Xitg

      Tl}e rnost reeent example of such an ad koc efik)rt is the Framewefk Agreement 2md the

ereatien ofthe Korean Energy Pevelepmerk Organization CKEDO), Iassume that mos£ are

futiar with the Framework Agreement in whi¢k the DPRK freezes its unsafegctarded mucleat-
activities aRd agrees in the future to undergo inspections in exchfinge for fuel oil imd light water
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rqaotoxs.

      rhe･point te kote ls that a situaien ofgrave regional secgrity ¢oncerfi, uRsafeguarde{l
nueleat activities which wogld have provided materials for nuclear vveapons, has beelt transfoftrned

into a situedonin vvhich nuoiear. eooperation is increasing, fathe'r than decrea$iRg regional

･stability, imeri¢ans ftora tuy oenG¢, at tbi$ very moment are worklag with North Korean

teehniCians at YongbyoRg, 2o can tke spent nuqlear fuel from North Korea's smal1 gas graphite

reaotor. A North Korean de!egation has beeR in the U.S. Iast month for briefings on possible four

povyer talks. AdditieRal meetIRgs Rre plRnned.

      The states efNortheast'Asia should build en the example efthe Ffamework Agreement

arid use it as a model for resolving certain types o£regienal preblerr}s by tumiRg them into

opportunitie$ for regioftal cooperation.

      What are some ofthe charactedstics ofthe Framework A,greement that shotild be kept in,

mind when we look at itas .a possible model? Without going into detai1I would sugge$t the

followiRg:

e A threat er problem that mariy states'wanted to be resolved

e
e
.

A focus of attention on'the problem

e ,Orighal thiRlcing and leadership

e Hard Work

e internatienRl consultaticn and coHabofationinaluding the creatioA ofmaDO

va Anover-archihgagreementinprinciple,theFraineworkAgreement,whichiseofnbined
      vvith specific technical activities - pToviding fuel oil, cleaniRg spent fuel sterage ponds,

      canning spent fuel.

      Pursuing thi$ last poiRt, what are some other agreemefits and activities involving the

nuclear fuel cycle that might be used to enhance rather thfln undermine regional stability?

SpecEfic' Seeps

      Specific disGrete a¢tiens that involve the xxuelear fuel cyole aRd vvhich ingiease regioHal

stability, caii be takeR by a variety efdiferent org[mizEtions. efcourse goverrunents can be

involved, but in additioR ministries, nuclear utilities, quasi-gevemmental orgaRizations,

laboratories, universities, think tanks, professional societies and ncn-govemmental orgafiizations

caR all be jmportant contrtbutors. Some ,examples ofsBch activities include the following:

                             tt                                               -                                                 '                '
e NuclearSafetyCooperation ,
e IntemationalexchEmgegan}ongutilitiesaAdnuclellrindustries
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e

ca

ss

e

e

e

Exchanges of scientists or executives

Verifi¢ation and traAsparency experiments ' -,

Regioma1 sE¥feguards and inspection regtmes which might begin with site visits

Regignal approacheS te the rmEgement eflovv level nuclear waste

Regional approaches to the ikterim storage of spent nuclear fuel.

Pegggkets1,kmag Gerkefgi Steges t

      Political' actions whethei }arge scale or smal1, unilateral or multilateral, can help to create a

framework which provides guidaAce and direction to more specific or teohnical actions. Actions

that mighr be taken ofthis sott include:

e
e

e
e

r
e

e

e

e

,

country should think notjust ofdomestic concems

cycle activitxes.

also contribute to-the greater goal of regional stability.

internationalAgreements' -' ,Agreed statements ofprinciple or declatations at rrzeetiAgs slleh as APEC or A[RF

International memoranda ofunderstaAding

Unilateral oT bilateral spee.c. hes

VobuRtary of¥k)rs to cooperate or increase transparency ,
The 'creation ofintemstional organizations such as a Pacificatom that rnight provide an

umbrella for specific technical actions ''

Xn sumniary, it is important to think regionally as well as ntttionally. Plarmers in each

              ' ' ,buto£theinternatiofialimplicationsoffuel
  '` .MoTe far-seeing planne;s should ask how nuclear activities and eooperation might

H
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KEDOプロジェクトにおける韓国の役割と

地域の原子力発電協力に関する将来の見通し

韓国電力公社（KEPCO）専務・対外電力事業本部長

　　　　　　　　　　沈　昌　生

　アジアは今日・原子力発電所（NPP）建設計画の面で・世界中で最も活発な地域

である。これは同地域の積極的な経済政策と、それに伴う電力需要が原因である。

　天然エネルギー資源が不足している韓国において、原子力発電は重要な役割を果た

してきた。韓国は現在、11基の原子炉を運転しており、発電設備容量は9．6GWe

である。6．lGWe規模の7基の原子炉を建設中であり、さらに2基の韓国標準型原

子炉KSN－1000原子炉の建設を今年後半に開始する予定である。

　KSN－1000（100万kW）の設計は、韓国の原子力発電所の建設と運転の
経験を反映するとともに、世界中から得られた教訓を活用するために開発された。韓

国はより単純な設計、強化された安全機能、より効率的な運転特性を採用する次世代

原子炉であるKSN－1300（130万kW）の開発へと進むなか、原子力発電開
発計画へのコミットメントを引き続き強めている。一方、韓国は「非核韓（朝鮮）半島

平和」政策に従って、いかなるバックエンド核燃料サイクルプロジェクトも実施して

いない。

　韓国は原子力開発の効率を改善するため、よりビジネス的な側面をもった取り組み

を推進することにより、原子力産業の再編成を行った。これに伴い、rNSSS設計」

作業は韓国原子力研究所（：KAERI）から韓国電力技術（KOPEC）に、　「放射

性廃棄物の管理」はKAERIから韓国電力公社（KEPCO）に、また「核燃料設

計」は：KAERIから韓国原子燃料（KNFC）に引き継がれた。政府、産業界、高

等教育機関および研究センターの積極的な参加を得て研究効率を最大化するため、

中・長期的な研究開発計画が設定された。

　韓国はIAEA、　RCA、　WANO、　PBNC等に参加し、政府と電力会社の両方
のレベルで参加者間の教訓、研修、技術支援を共有することにより、地域における原

子力の平和利用を促進している。これらの地域協力の中で、最も重要な協力プロジェ

クトが軽水炉（LWR）プロジェクトである。

　周知のとおり、LWRプロジェクトはそれぞれ約100万kWのKSNPを2基、
国際コンソーシアム・朝鮮半島エネルギー開発機構（KEDO）によって北朝鮮（朝

III－4－1



鮮民主主義人民共和国）に供給するものである。現在のところ、KEDOは当初の加

盟国3国（すなわち、日本、米国および韓国）、および7つの加盟国（すなわち、ア

ルゼンチン、オーストラリア、カナダ、チリ、フィンランド、インドネシアおよびニ

ュージーランド）で構成されており、EUの加盟が暫定的にEUとKEDOとの間で
合意されている。

　KEDOはターンキー方式によるLWRプロジェクトの主契約者としてKEPCO
を正式に指名した。KEPCOは主契約者として、　K：SNPを数多くの各種原子力プ

ロジェクトを通じて得た建設経験と技術力をもとに、所定の期間内に建設するため、

最善の努力を現在も今後も払い、　「韓国の中心的な役割」になりつつある。

　北朝鮮と韓国の微妙な関係により、またプロジェクトスポンサーの政治的、商業的

利害が入り交じっているため、：しWRプロジェクトは、非常に複雑で困難である。本

プロジェクトにはプロジェクト参加者の密接な協力が必要であり、プロジェクトの実

施期間のみならず、発電所の運転中も、日本の格別の理解と積極的な協力が不可欠で

ある。これを念頭に置き、私は本プログラムが北朝鮮によるNPPの安全な運転のた

め、アジア諸国の非政府組織（NGO）のレベルで技術と人材を北朝鮮と交流する道

筋を描くことで、このフォーラムが原子力安全性を確保するための地域協力機関を作

り上げる良い機会となることを期待したい。
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   - Aennual Conference of the japgne$e Atoyeii¢ Rndustrial Forus'n -

                      enang-Seegeg thiva

                        Vice Pre$gcEee±
                 Korea Electric kwar CpmgratiQn

an the werRd today, there are fotsr twndred this'ty--seven (437) nuclear

units in operation aRd thirty"-niwe (so) tsnit$ ander constructiolt, and in

Asia eighty---two (82) nuclear unit$ in ooeeratiGR and fi{teen (15) units

tsnder constrgctioR. Many countrie$ in ths A$ia Region are exr}ected to

coR$truct sx}ore nuclear units earEy Eit the tweRty-first (21th) century,

oonsideriRg tiieir aggres$Eve ecxxptoififg¥ dvMng policies aRd their

accompanying demands for erederic pamege. A£cordingiy, the Asia region

i$ expectegS to be the rnest active awa ift the world for nuciear

        .con$truct}on.

Kerea imports most of its required eneggev frorn foreigst countries due

to its deficEt in natural reseurce$. Sg me have choseR the nuclear

cteveioprrEent program to meet the eReggy demand fer continuing

ecoRornic growth. KQrea has beege eerfbervtiitg Ruclear proiect most

vigoroifsiy simce eariy eighties (80"g> anct is Qfie of tlie natgons that

operate Nuclear Power Planits (NE?if)s) g"y'itg)$t $afely ewd suocessfuily iR

the world, Presently, we have eSeven (?1) Nucgear Power Plants (NPP$)

isu gpefatEgn whicS't geregate ngme paiwt ggx gEge---Ngvatt (9,6GW), and fottr

(4) KSN ene thouskRd (KSN-gC}(}Q) ungts and three (3) CANDVs under
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camstr"ction wt'aich genente $ix paint one giga--watt (6.IGW).

Moyeover, we w;Il start comstru¢SioR of two (2> rrgore Korean Standard

Neeciear Pgwer Plants (KSN-1(X>O) in Ykuin lkte this year. Aocerdgng to

thec long term power devetopryitenk pvasw estabiisked in nineteen

eegnety-five (1995), Kgrea's neclear paww caee£ity is expected to be

enlarged so twenty six point three gSge･--watt (26,3ew) by the year

twenby--tere (2010).

WSth the kim of desigR and £enstmactiee ef the standard nuciear power

piant (Nep) wtich fit$ with Kemasc, wa have successfully deveioped the

K$N one-thousand (KSN-10CO), utEEiziitg our cogmstruction and opevatioR

experience$ gained ttgrougtt prptviou$ gerojects a$ well a$ adopting

various new technoiogies ftom around the world. furtherraore, we have

£ommencee the KSN thirteeR k"ndreci (K$N-13ee) preject as a next

genemetiors reactor with the aiRyg of pge"moting the n"clear cag)ubility ef

Korea tg #he level cff devegoped eeljErsitg"ies im KSN thi}'teefi hundred

(KSN-13oo) dg$ign i$ being develag}{Kg with be target of oceration in

S3)e year ewentyinoinseven (2oo7). -g'he KSN thimen hundred (KSN--1300)

will k#ave greatly iRcreased the sgfeby and ecekomy k}y adgpting the

coneept oS fac"ity skryegeIMcatioit, be iitstre3med capacity factor, the

extende<fi lifetime and etE'ter desigm fleatures. Meanwhite, we do not

perfcrgwn ewy back-end nuceear fu&l ecte projex$ according to the

"Non-Nuclcar KQrean geeRiR$uia Pecme'" paXicv.

                             tt                           '
-if-he ituclear project orgaRizatioit in Kgrea was este}}>iished in mid

eigt'ities (80's) to maidiy actgieua kecg?nelogy self-reliance and thi$

purpose was achieved $ucces$fu}Ey hy iatee niee$een nineSy--fEve (1995).

ifl iate stinety-$ix (1996), a ff'pawe beee$astesskke nuciear project

QrgaRization wns forg"g"iuitates te esuate the competltlon cagmerbiNty of
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our nudear industry loased gn ahaEned technology $elFretiance. As

re$ults, the "Nudear Steam Suppgy Systeg¥i (NSSS) de$ign" task was

turncd over frorn KAMil, whiegg $tand$ for Korea Atomic Energy

Research ,git$titute, to KOff'EC, wtkEck twptas fer Korea Power Engineering

Cerapafty, and "radioaetive waste manageement" frorn KAERito Kff)CO,

and "ltuclear fuel desigm and Crwou fgel fal)rication" from Kma to

KNFC, which stand$ for Kerea Nnclear Fueg CcmpaRy, Mid & loRg term

R&D piem has been set mp to maximize gAe$ear¢h efficiency with the

pasitive pawicipation of ggverRmee¢ ikdustries, in$titutes of higher

learniRg a"d re$eafch 'centers

Korea has been promoting the peacefui vse of nuclear energy in the

region by joining the ima RCA, which $twds for RegioRal Cooperative

Agreement fer Research, DeveEopment and TrainiRg Related te the

Nuclear $cience and Technoaegy for tw A$ia aRd Paclfic Region, in

nineteere seventy-four (1974) anci by eeopag"atioR$ arnong the member$.

Al$o, Korea $hares eS]e commdn uaderstandi"g on peaceful nuclear

geower by atteRding "The E' ntematRonal Ck)Rference for Nuclear

CeoperatSon in Asia" wh;ch is''hegd at tihe gevemrnentaHevel and by

improving be $afety and credibigity off Nff'if' throesgtt cooperation $uch a$

sharing iessok$ leamed, trainiag, tecg"git"waE $mppert by panicipating the

WANO, ifewC at the Ievei ef pawer catwuaRie$. Arri6ng these regioftal

cooperations, the Lwn Project i$ ene of the rg'}o$t important ceoperative

   'prgsect. ,
                  '                           '
        '
As you mlght well know, be Lwn geereieck is te supply two (2) KSNP

of appfoximately one thou$twtd sy}ege-watt-etetwac (1,OOOMWe) each to

the DiRK hy lnteyftational con'sowtvwt (wa)e>.' At pre$enL KEDO is

composed ef giree orignal wternbets (twe Es JapaR, U$A and ROK) and
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sk}ven (7) rnember £ountrges (that 3s Aifgentina, Ats$tralia, Canada,

Chile, Hpt{emaci, indewe$;a and New Zea5and>, a"d lthe ames$ion gf

Eyrepeasu Vnion (EU) i$ agseed pgeevi$iomaSSy between EU and KEDO.

                           ;
}<EDO officially designateci KEg'CO as the gerime cGnnactor of the LWR

Project ok a turnkey basi$. A$ the Pr5me Ccktracter, KEPCO i$ exerting

abld wili continue exert it$ bestJeffms''ktecgming to the "Central role

ef Kerea", to $ucce$sfuHy cen$truct tw ""KSNP" within giveit tirree $pan

witl"t its gon$tructioR expergence$ aswt twhgeicag capabilities developed

thretsgh g"r}aRy different ffuelear pgQjesgxt$.

gifhe 1wa gereject is very ce;yiplex as difficuit due to the deiicate

reiationship betweeit the DPRK awt be ifec}K, and the rnixed pelitical

and commewtal intetests of'ti"ee projau $paksors. -ghe tWR project is

an unpfecedented pecukar project' whgch gs being ¢arried out under the

leacerGg'}in of KEI)O and jgintly spa"seffee by Kerea, Japan, VSA and

gther member countries, and at be same tgme it is a proiect which is

comrnoniy gmushed by Government and geyivatg secter, having features of

krotith a regio"al cooperative project aitci giggE internatioRai preject. E might

add thak therefore, the twewibeg' $taee$ ef waO are playing ast

is'r}pomaitt rage in g'ftalnbining peece on the Koreait PeRiftsula and

greattiy heboing the premotion of regiewaHftterests by tnking part in the

settlemeni of "safe emd peeeefug "usgear gvaNg¥eff i" A$ia.

                                                      '                                          '
therefore, the [WR project wiil mawtsff) (igese oooperation among the

preject gearticipants not enly geeraject igeyggeIegxxentztioR but al$o plant

operation, Aiti"tough gke corrRgeawties bo be participatcd in the LWR

ptcject have not been selected, gx3ittw cowtpanie$ ef lapan are expected

to join thls project. kff thk$ fagasrd, be $peciai uRder$tanding aRd
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positive ceoperation of Japanese Atomie itndustry is indispensable for

the $vcce$$ful cornpEetion of tS'ee ewa gereject. As the international

circumstances of nuclear poapter wilE be varied greatly in the

forthcorr}iftg twenty-first (21st) eeittwry, S $esmpose it is time for us to

pgeomote the international and regionaE cooperatEen oBe step further and

we are in a posit;on that we have to investigate a cooperative program

for the Rucloar safety reguiation and Qeegation Qf the DPRK, which we

cannot eveR aocess presentgy.

Finally, i would like to suggest that tS'gi$ forurn be a good chance to

oornpose a regienal cooperative bQdy to secure the nuciear safety by

piotting a course for tke progvagvts to exchange･ techRology and

manpower with the bff'RK at the Eevei of "oR-government organization

(NGO) among the countries in A$ig for the safe operation of the NPP

by the DPRK,
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インドの原子力発電開発

インド原子力産業会議会長

　　Y．S汎プラサド

　インドは独立民主国家である。その人口は独立当時の3億人に対し、1996年に

は9億4，000万人であった。人口の約70％は農村地域に住み、多くが農業に依存

している。現在の380KgOeというエネルギー消費量の40％は木材、農作物の

残り等のバイオマスから得られている。インドはエネルギー資源、特に石油ガス資源

の面で恵まれておらず、エネルギーの純輸入国である。

　電力は商業用エネルギー消費量の約7％を構成する。1人あたりの電力消費量は年

問310kWhである。電力の伸び／需要は過去数十年間9－10％の割合で成長して

おり、今後は年率6－7％で成長するものと見られる。現在の設備容量は8，600万

kWであり、そのほとんどが石炭火力発電所によるもので、原子力発電は154万k

Wにすぎない。

　長期的には、インドのエネルギー政策は36万トンという六大なトリウム資源の利

用を目指している。原子力発電計画はこの目的を念頭に置いて遂行されてきた。イン

ドは原子力発電プログラムに閉じられた燃料サイクルオプションを選択した。第1段

階として、　（10万～22万kW級）加圧水型重水炉（PHWR）が8基設置され、

そのうち6基が運転中で、2基が改修中である。1998年までに、さらに4基の2

2万kW原子炉が運転を開始する見込みである。また、22万kWが4基、50万k
Wが6基のPHWRを設置する準備作業が行われている。さらに、ロシアの協力を得

て、100万kWのVVERを2基追加することも計画中である。プログラムの第2

段階も着手されている。FBTR（熱出力4万kW）が運転されており、50万kW
の高速増殖炉原型炉の設計が完成しており、まもなく立ち上げられる予定である。こ

れに加えて、ウラン233を使用する3万kWの研究炉が最近試運転を開始した。

　インドは国際的な原子力規格に適合する原子力発電所の設置に必要な各種機器を生

産する製造能力を開発した。また、採鉱から燃料の製造、再処理、およびMOXとト

リウム燃料集合体の製造までの、完全な燃料サイクルをマスターしている。インドは

また、重水生産技術および廃棄物管理技術もマスターした。インドが原子力発電に関

わるいくつかの技術事項についてかつて直面し、いまだに直面している禁輸のゆえに、

これをインドは独力で遂行しなければならない。

　インドの原子力発電プログラムは、国内電力需要を満たすためのみならず、技術の

輸出に着手することができ、加速的な成長へ対応するための、安全で経済的な選択肢

として成熟している。

　我が国の原子力発電プログラムは経済危機のために成長しなかった。他のインフラ

ストラクチャーとは異なり、技術管理体制があることから、外国の技術と国際金融機
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関からの低利長期の借款によって原子力発電所を建設するという方式は・原子力部門

では利用できない。

　これまで・原子力発電はインド政府が所有し・大部分が政府の出資によるものであ

り、短期満期の債券による公衆からの資金には限りがあった。このプログラムはイン

ド原子力発電公社（NPCIL）／原子力省（DAE）によって実施されてきた。イン

ドの原子力発電プログラムは・経済危機と公衆からの資金借り入れの制限のため、所

要のペースで成長することができなかった。しかし・原子力発電が将来果たすべき大

きな役割を考えると、プログラム実施の他の各種オプション／可能性を検討すること

が不可欠となった。

　インド原子力産業会議（IAIF）は、NPCIL、DAEおよびその他の構成機
関、原子力産業、研究開発機関、コンサルタント・金融機関の団体であり、原子力発

電プログラム実施の促進のための各種オプション／可能性に取り組むことを主たる目

的として最近設立された。検討対象となりえる各種オプションには1次のものが含ま

れる。

　a）サプライヤーズ・クレジットによる産業界からのローン

　b）インド／外国双方の民間関係者からの持株による参加

　c）NPCIL／DAEがプロジェクトの原子力部分のみに責任を持ち、従来のシ

　　　ステムとユーティリティ系はもう一方の当事者が責任を持つという、共同所有

　d）前記の（c）と併せて、前記と同じ境界の設定による、プロジェクトの管理全

　　　体、およびその後の発電所の運転

　また、インド原子力産業会議は、相互協力と技術援助を実施することにより、核科

学、原子力技術および発電の分野で開発途上国および先進国との協調を確立し、それ

を増進したいと考えている。また、IAIFはさまざまな国際機関、業界団体、およ

び同じような活動に従事する機関ならびに原子力発電プログラムを有する国々または

原子力発電プログラムを計画する国々と密接な連絡を確立し、維持したいと考える。
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ENERGV SCENAREe gN gNDgA

The teta1 energy consumed in india, both commercial as well as non-

commercial fbrm per capita is around 380 KgOe. Forty percent of the energy

(nen-cgmmereial) is derived from bio-fuels, such as, fuel weod, crop residue

and anima1 waste. [hus the primary commercial energy per capita
consurrrption is about 235 KgOe. The energy demand has grown at 6% per

y, ear in the last two decades and the growth rate is expected to be 6-7% per

year mpto 2020.

The india's population has grown from mere 300 million at the time country

gam' ed independence to 940 million (1996) and with the projected growh

rate, it is expected to do,uble by 2047 AD and attain hypothetical stationary

bevel of 1880 million.

india has made rapid snides in capacity addition. The installed capacity has

risen go 86,OOO Mwe from a mere 1400 Mwe at the time of independeRce.

The px,esent in$talled eapacity is about 86,OOO Mwe (utility & non-utility)

constitutes of Therma1 73%, Hydel 25% and Nuclear 2%. The eountry's per

capita electricity comsumption is 31O Kwh which is very low, and is 40 times

dess than that oOLatin American countries and 8 times less than that of world

grverage. 'IThe demand for electricity has grown at a rate of about 9 to 1O%, in

past decades and is expected to grow further at a rate of 6 to 7%.

As per the projection made by various agencies based on various
assumptiems, GDP growth nte and HDI, an installed capacity of about

400,OOO will be required by the year 2020. However, a minimum capacity

additioR of 200,OOO Mwe is required to be set-up by the year 2020, for

maintaining sustenance at present level and a reasonal)le grewth.

india is poorly placed in terms of world energy resources, while 16% of

world population lives in India, oniy O.6% ofoil and about the same portion

efga$ reserves exists in the cotmry. Hewever,india is endowed
with6%efcoalreservesoftheworld. indiaisnet importer ofenergy. As
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per the present projections the proven Teserves of coal are expected.to last

for 100 years. The oil arid gas would last fbr 24 and 23 years,
tcspectwely. Moreover, oil, gas and coal also have non-energy uses. The

bydel gmd coal reserves are concentrated in certain regions of the country.

Based on the Uranium resources available in the country, it will be

possible to build a maximum ofabout 10,OOO Mwe of PHWR capacity.
However, by adopting the Fast Breeder Technology, it is possible to build

a Nuclear Power capacity of about 300,OOO MWe by using 'rvast
resources of 360,OOO tonnes of Thorium

As the projected demand is considerably high there is a need fer

development ofdiversifying energy resources. However, nuclear power

wM have to play ax} increasingly irnportant role in long term energy

matragoment. An insta11ed capacity of about 10% by the year 2020, i.e.

20,OOO MWe should be added by Nuc}ear Power.

XKkdikke$ geagegetsr geeNvyer geerogrtsgxggite '

indian nuelear povver proyme commeRced with the eonstmetion of
Tarapur Atomic Power Station (TAI)S-1&2) with 2 x 160 Mwe (present

capaeitY) Boiling Liglrt Water Reactors (BWRs), using enriched Uranium

as fuel and light water as moderator, set-up in 1969, on a turn-key basis,

by Genera1 Elsctric Cempany, USA. 'Ihese two units were set-up
essemially to demonstrate the technical viability of operating thern within

the indian Tegiona1 elecnic ghd system, vvhich was at that time relatwely

smaza These Units also helped ms to gain valuable experience in operation

and xmaimenan¢e of nuclear power plants. After mere than twenty-five
years of safe and successfu1 operation, these reactors are stM in service,

providmg rmch needed electricity to the Westem Gnd.

From the very beginnihg, as a long term strategy, the nuclear power

programme formulated by Dr Bhabha, embanked on a imee stage nuclear

power programme linlcing the fuel cycles of PHWZR and LMFBR, was
plamed for judicious utilisation of our limited and low grade･( < O.1%

U30g) Uranium ore (78,OOO tonne) but vast thorium resources ( > 360,OOO

tomae$). lhe emphasis of the programme was selfLreliance and thorium

milisetion, as a long term objectwe. india has selected Presswised Heavy

Wateff Rgaetor (PHrWR), because of several,mherept advantages -

NLmsJ>oc
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a) PHWR uses natural uranium as fuel, natrm1 uranium being easily

  available in India, helps cut heavy irwestment on enrichment, as

  'uranium emictment is capital intensive.

b) dnother reason is that the manm1 umnium requirement for
  PHWR is the lowest artd plutonium prod"ction is highest.

c) Fimlly, the infrastructure available in ceuntry was suitab}e for

  undemakmg mnnufacture of equipment for PHWZR Reactor. -"

Ihe three stages of our Nuclear Power Programme are :

Stage-I envisages, construction of Natural Uranium, Heavy Water
Moderated, Pressurised Heavy Water Cooled Reactors (E'HWRs). Spent
fuel from these reacters ･is reprocessed to obtain Plutonium

Stage-ll envisages, construction of Fast Breeder Reactors (FBRs) fuelled

by Plutonium produced in Stage-I. These reactors would also breed U-233

from 'Jlhorium It is also planned to develop an advartced heavy water

therm1 reactor (AHWR), a$ aR extension of･Stage-I PHWR programme.
The AHWR,. using a Pu-239 emiched Uranium fuel in the driver foooster)

zone and U-233 emiched Thorium fuel in the dnven zone, would generate

a large part of its energy output from lhoptum through fission of imsitu

bredU-233. .-

Stage-ll! would comprise power reactors using U-233 / Therium as fuel.

  in order to be selfLreliant in the field of nuclear power generation, the

  Department of Atomic Energy, opted fbr 'CANDUi technology 'in
  eollaboration with Atomic Energy of Camada Lmited, and commenced

. constmction ofa power station comprising two mits.of 220 MWe at

 'Rawaibhata in Rajasthan in 1964. 'rhe ℃ANIDU' technology involved the
  use of Natural Uranium as fuel and Heavy Water as moderator. To
  achieve self sufficiency in this field in the long rtm, the Department of

  Atemie.Energy established facilities fbr fabrication of fuel and'Zirconium

  alloy cemponents, manwhcture of precision reactor components and
  production of Heavy Water. Momentous effbrts were put in to develop

  mmwhcturers in the country to produce components like Calandria, End-

  Shield$, Steam Generators, fuelling machnes, Nucleaf pumps and ether

  crkieal equipment, required for setting up of nuclear pewer stations,

NIAS.Doc
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confomimg to Internationa1 Nuclear Standards. Developrneni of world

class martufactmg facilities in public and private sector orgaptsations

was achieved.

Rajastm units were fo11owed by two more units at Kalpakkam near

Madras. lhus, the first stage program with short term goals of
eomplementmg generation of electricity at location away .from coal mines

progressed steadily.

The erstwhile Nuclear Power Board, was incorporated as Nuclear Power

Corporation, in the year 1987, with an aim to accelerate first stage of

nuclear power prograrn, by having access to the finances from the

market.

With the evolutionary changes takng place with the development of the

'Nuclear Power Plants to meet seismically qualified equipment and systems

coupled with new safety criteria, improved designs were developed and

implemented at the Narora Atomic Power Plant (NAPP) at U.P. The 220

MWe design was also standardised. The imovation and improvements
implemented at the Nuclear Power Plant, involved considerable efforts in

research & industria! infrastructure in the countsy. This, india has to

achieve all by itself in view ofvarious embargoes it faced and still faces in

severakeehnologicalmattersconcernedwithnuclearpower. Successfu11y

commissiotmg of Narora Atomic Power Station (NAI'S) established tota1

capabmaties foxu･design, comstuction, fabrication of equipment, operation

and maintenmee of Nuclear Power Plant in India. in the process, a good

industrial infrastructure has been creaied in the country for nuclear power

program SelPreliance has been established in the reactor technology in

all its aspeets. Subsequent to Narora, two more atomic power stations at

Kakrapar have been built and commissioned in the shortest possible time,

using the indigenous technology. By successfiil cornmissioning of KAceS,

Kakrapar, it was once again demonstrated that India has matured in this

technology and is fully capable of exploiting the same. This also

established nuclear power as safe, environmentally benign and
eeonomicallyviable source ofpower generation, its cost comparable with

coal based themnl plants. i

With the second imit in KAPS at Gtljarat, achieving commerciai operation

from September, 1995, Nuclegr Power Corporation of india Limited
(NPCIL) has attained an instal}ed power capacity of1840 MWe.

NIAS.DOC
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PAawts twdier coastrgeetioit

Presently, four imits, of220 MWe, namely - Kaiga-1&2, near Karwar and

RAIPP-3&4 in Rajasthan, are in the advanced stage ofconstruction.

Feetwre gerggwaxggKgge

Wnh aview to augtnent the growth ef nuclear power ax}d PHWR system,

and also eventually realise the economy of scale, it was nece.s.sary to

design a 1arger PHWR system, 500 MWe PHWR was evolved to fulfd this

need lhe design for 500 MWe are ready and we are well set to get
on with the comstruction of 500 MWe PHwn 'mits, witih the first imits

at Tarapur. Sites fbr setting xp of 6 x 500 MrWe (PHWR), (4 units at

Rajastm & 2 at Tarapur) and 4 x 220 MWe (Kota, Rajastm), have been

cleared and advance action for developing infrastructure and procurement

of long delivery items has been taken up.

Nuclear power program in india, has addressed all aspects that are of

concem to public which mainly relate to safety, mmagpment of high level

and long lived radio-active wastes. Safety stmdards fonowed in nuclear

in$tallations high and genera11y in 1ine with that of international norms.

.All the technical aspeets associated wnh the handling of the wastes have

been addressed.

Both the old (Tarapur, RajasthEm & Ma{ims) aRd new generation nuclear

povver statiofis (Narora & Kakrapar), have performed very well attaming

cumulative life time capacity factor near to nomntive value and selling

power at competitive rates. Recently, nuclear power plants crossed

generation of one lakh mi1lion units mark. The･120 reactor years of

operating experience has been free of any incident leading to release of

radio-aetivity tnto the envirorment. While operating these plants, number

of challenging maintenmce activities have also been.handled successfully

by developing indigenous technology.

A beginning has been made fbr the second stage ef ruclear power

program with the setting up of a Fast Breeder Test Reactor (FBTR) at

Kalpakkam, and reeent commissioning ef a 30 Kwh research reaetor

!'KAM[NI", which uses Uranium 233 as fuel. It is plamed to set up one

unit of 500 MW(e) Prototype Fast Breeder Reactor (FBTR), ,the design of

whighi$fastprogressing. . ,
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india ha$ also xmastered fuei cycle technologies, from mining to

fabrication of natum1 uranium fuel, fabrication of enriched uranium fuel,

reproeessing technology, fabrication of Plutonium and Thorium based

fuel required for our future program. All the technological aspeets related

to short term and lofig term storage of nuclear waste have been
appropriately adclressed. The related waste mmagement facMties have

also been satisfaetorily developed.

To smme, the concerted efforts put in by Department of As.omic
Energy (DAE) and its comstituent units together with indian indusnies and

institutions have led to development and full capabMties to design,

mnwhcturing of equipment, construetion, operation and maintenance of

nug}earpowerplant. Todaylndiais amongsttheselectbandoffew
countries of the world who have developed such capabilities.

India'$ nuelear power programe has,now matured as a safe and
economical option fbr not enly meeting the country's power demmd, but

also can embark on exporting the technology, and it is poised
technologically fbr an accelerated pace ef growth.

Notwithstmding the indigenous developrnents, the light water reaetors

have been the mainstay of nuclear power programmes in most countries.

'these were offered as possible international projects in the past.

Presently, india is considering the offer of the Russian Federation fbr two

1000 wwe VVERs to be built by 2008-2009. Similar additioms to our
nuclear powerptprogramme in terms of additional LWRs of advanced
designs from international projects can be considered to augment nuclear

power programne in the coming decades. Ms is, ef course, assuming
that the terms of offer are appropriate to the indian context. .

?geebRegggs ffts£edi

1. in most of the countries development in Nuclear Power sector have

  been achieved by international co-operation supported by imding

  credit. However, the innovatioms and improvements incorporated by

  india in its stmdardised 220 MWe PHWR (Narora onward) involved

  considerable efforts in research and developmenf, as well as,
  tcchnological improvements in the industriai irrfrastructure in the

  country: This, India had to achieve all by kself in view of varioms

  embargoes it faced and stva faces in- several technplogical matters

  eennected wtth nuclear power. It is because ef this, that earlier plants

  took somewhat longer period ofgestation We are also facingsimilar
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diMculties in developing technologies for inservice inspection, life

extension programmes and spares for imported plants. We are in a

position to develop all related technolegies and recent coolant chamel

removal work from Unk-2 of Rajasthan, within a reasonable time and

mamem consumption, has amply demonsmated our capabihties.

Nuclear Power, which has preved to be a cleaner source of power and

is net associated with emission of any harmful gases associated･ with

global warming and' acid rain, is expected to play signifricantly larger

role in meeting the electricity dexnmds. It is wonh mentiotmg that,

Nuclear Power generation in any part of the globe will not only serve

that region, but should be considered as an essential element in the

global energy policy.

2. The country's mclear power programe has not grown due to financial

  crunch. Unlike other imastructure, proposals to set-up nuclear plarkts

  with foreign technology and soft term loans from the international

  fumcial institution$, is not available for the nuclear sector due to

  technology regime control. Financial borrowings frem the domestic

  market are for a limited period of five year only. It is too short a period

  cemsideimg gestation peried fbr power plants, even at intemational

  level. lhis also leads to a vicious eircle where funher borrowing

  becomes inevitable to pay the previous debts, more so, when new

  capacities a.re to be added. As for a nuclear power station, it takes 1O-

  12 years to repay the loans after commencement of operation of
  plants. Long term finEmcing from the Pension fund 1 Providextt Fund,

  and similar $uch imds, should be considered.

3. So far, the nuclear power has been owned' and largely funded by

  Govemment of india, with 1mited finEmces from public, in form of

  short term maturity period bonds. The programme has been
  tmplemented by Nuclear Programme Corporation 1 Department of
  Atomic Energy. The Ruclear power programme in lndia could not grow

  at the desired pace due to the financial cmmch and limitation of

  ,borrowing money from the public. However, in view of larger role

  which muclear power has to play in future. It has become imperative to

  comsider various other options 1 possibilities of irrrplementing the

  programrne.
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!ndiaxi Atomic industrial Form (IAIF), an Association of NPCIL, DAE

and its other constituent units, Nuclear indusnies, R&D organisations,

Consultancy and fitriancial institutions, has been launched recerrtly with

a prime objective of workng on various options 1 possibilities fbr

accelerated implementation of Nuclear 'Power Programme. Various

optioms which can be considered are :

  a) Loans from industries in the fbrm of suppliers' credit.

  b) Equity participation from private parties, both Indian/ foreign.

  c) Joim ownership, with NPCU.1DAE being responsible, only fbr

     nuclear island of the project and the entire conventional and

     utility system with other patmer.

  d) Entire project management together with (c) above - and further

     operation of the plant with similar areas ofdemarcation.

indiaxi Atomic industrial Forum would also establish and enhance co-

ordinatipn with the developing and developed countries in the areas of

nuclear science, technology and power by providing rmtual co-

operation,andtechnicalassistance. IAIF wouldalsoestablishand
maintain close contact with various international agencies and indusuial

groups and organisations engaged in smilar activities, and with

counuies having a nuclear power programme or planning to have ene.

********** sk
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STATUS OF NUCLEAR POWER PROGRArvl nN IINDONESIA

M. Iyos R. Subki

Director General, Batan - Indonesia
Presented at 30th JAIF Annual Conference, Tokyo 8 - 11 April, 1997.

1. I]NTRODUCTION
      The demand for electricity grows continuously in every country, especially iR

developing countries. This increase goes along with the rate of population growth,

econor[tic development and rapid developmeRt of industrial sector. To fulfil this

demand, it is becoining more difficult to depeBd on the existing resources due to their

limited availability and logistic as well as environmental constraints.

      It is, therefore, very important to take steps to seek other alternatives for large

scale supply of ellergy, the requirements for the altematives are among others : energy

supply security, proven safety, technology provenness, economy, financialibility, and

social cultural as well as environmental acceptability.

      Based upon these considerations and supported by human resource and

infrastructure development and also continuing public acceptance activities, the option

of nuclear power can be the right alternative energy for the up coming energy mix

scenanos.
      With nuclear power within the energy mix, above requirements will be well

guaranteed.Additionally, nBciear power in indonesia will be developed to improve

synergy of energy resources especially synergy between fissile and fossil fuels, and to

enhance harmony of energy system with people and environment.

      The demand for eRergy in 1995 was 1,311 MBOE and supply was 1,134 MBOE.

This means there was already aR energy deficit of 177 MBOE. in the 2020 the demand

will be 2,168 MBOE aRd the supply will be 2,534 MBOE. The balance of supply and

demand will be due to incTease use of coal, nuclear and possibly geothermal, while oil

and gas supplies wili level off or decrease.

2. THENATIONALENIERGYPOLICY.

      The Nationai Energy Policy is depic£ed in KUBE or the General Policy
Guidelines for EBergy Sector. Briefiy,our energy policy has four main objectives

are :

e

e

e

e

to secure the continuity ofsupply ofenergy for domestic use at prices

affordable to the public.

to enhance the quality of life of the people.

to stimulate economic growth.

to reserve an adequate supply of oil and gas for export, as a foreign

exchange source for national development.

, they

      There are three policy measures adopted by the goverment to achieve the

objectives, they are :

      e diversification:toreducedependeRceoBonlyonetypeoffuelandto
         include other altematives.
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e

e

intensification : to increase and expand expolaration of energy resources

available in the country.

conseivation : to economize energy production and utilization.

      Implementation of energy policy covers several aspects such as issuance of

regulations, standards, energy pricing incentives and disincerntives, and the application

ofappropriatetechnologies.Thetechnologiesthatwouldbeconsideredareidentifiedas

follows :

e

e

e

Technologies to produce substitutes for oil, as oil is non - renewable.

Gasification and liquefaction of coal could well meet the fuel needs of the

future.

Technologies to support a more sustainable energy supply, through the

harnessing of our potential renewable energy sources.

Clean and efficient eRergy technologies to support environmental

programme and sustainable development.

3. FEASSIBILITY AND VIABILITY OF NUCLEAR POWER

      Feasibility of Nuclear Power Plants from the following points of views has been

confirmed through the Feasibility Study and Site Investigation which was completed in

May 1996 :

e

e

e

e

e

e

e

e

technology provenness

safety acceptability

economic viability

fuel cycles feasibility

decommissioning consideration

site availability

environmental and socio -- cultural considerations.

human resources availability and infrastructure considerations.

Based on this feasibility study and in congruence with our national energy policy, we

have shown that nuclear power is essential for medium and long term supply ofenergy

in

Indonesia.

      The result of the feasibility study for the generation costs shows that the

generation costs of conventional scheme for 600 - 900 Mwe class Nuclear Power Plants

units are competitive to the generation costs of similar capacity of Coal Fired Plants

using deSOX and deNOX. The generation costs of these NPPs vary from 48 millslkWh

to 61 millslkWh, and for coal fired plants the generation costs are around 63 millslkWh.

Actually in the BOO scheme, the generation costs of coal fired plants are 82 mills/kWh

for Paiton I and 64 millsAcWh for Paiton II.
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4. PROBLEMSANDTHEIRPOSSIBLESOLUTIONS.

      We still have some outstanding problems in the effort to introduce the first

NPP's in Indonesia, Rotably the problem related to organizational infrastructure, to a

larger extent our problems are related to financing scheme and to a lesser extent to

public understanding on nuclear power issues.

      Through the new nuclear energy law which was passed in the parliament on 26

February 1997: BATAN will remain to be the organization for nuclear R & D fuel

cycles development, nuclear safety technology development, nuclear services and

promotioR of nuclear eBergy. A separate and independent Nuclear Regulatory Body for

the regulation of nuclear activities will soon be established. Meanwhile, Nuclear Power

Company will also be proposed and established with the function of NPP's construction

and operation.

      Cooperation in the field of human resource development is definitelu required

for the above organizations.

      A more difficult problem is related witk the financing scheme for the project.

The geverRment seems to require a loaR which should be off the balaRce sheet of the

govemment. Therefore, we are developing varioas financing schemes including:

traditional, BOO, barter financings and combinations thereo£
      We have now finalized the traditional and BOO schemes while the barter or
                                                      '
counter purchase scheme will be finalized by the end of 1997.

      In the BOO schemes, vendors will still require some form ofsovereign guarante,

which the government canRot accept yet. The BOO schemes implies also additional

costs and compiexity, it requires some additioma1 supports from the government notably

in : public acceptance, third party Iiabilities, long term radioactive waste management

and decomissioning. The need to share financial and noll - financial risks at the side of

foreign illvestors can require govemment participation in the form of panial equity.

Then it would become essentially a modified BOO scheme.

      Public information and educatioR will form continuing activities for the

promotion of nuclear energy applications. A special attention should be given to the

impact of negative iRfomation given to the public by a small group of antinuclear

activists. We think we should be cooperating in developing a new strategy to make a

public acceptance program succesful. For this purpose we will redefine the following

actlvltles :

e

e

e

e

redefinition of target audiences.

developing methods of communication.

topics for public education and discussions, taking into account the

negative information given by antinuclear group.

partfters for undertaking the activities.

      ln general with above programs related to the financing scheme development

and public information activities, and also with the success in getting the approval at the

parliament on the Rew nuclear energy law, the nuclear power program in Indonesia is

still on the track.
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発表は朝／・日覆眸以降に願います・ ξ知会討論

原子力資料情報室　高木仁三郎

1。危険性の認識の欠落。
原子力施設は潜在的に危険施設であり、放射性廃棄物の発生と合わせて、それ自体の本質
において地域にメリットのない”迷惑施設”である。この点の基本認識を欠落させている
ことが多い。

2。金でその困難を回避しようとする。
各種の交付金や寄付は、結局「迷惑料」であり、原子力施設の地域へのメリットと称する
ものは、付随的なものにすぎない。大消費地で使う電力以外のもの、つまり地域への創造
的寄与は、原子力施設にはない。

3。情報を公開しない。
政府や電力会社の情報公開が現在でもまったく不十分な事例は、数多く具体的に指摘でき
る。未だに、「広報」という枠組みで考えており、住民・市民の「知る権利」を尊重して
いない。

4。議論を避ける、議論ができない。
原子力事業者側から一方的な情報提供はあっても、ほとんど常に議論を避けようとする。
あるいは、議論の仕方を知らない。結論ないし既成事実があって、それを押しつけるため
の「合意形成」のプロセスは議論ではない。

5。住民の意思を尊重しない。
住民投票で「ノー」の答えが出ても、
では、誰からも見捨てられるだろう。

「住民の理解不足」とか「国策」だと言い張るよう

6。唯原発主義。

電力会社はエネルギーへの取り組みをなぜもっと多様にフレキシブルにできないのか。
最初に「原発」という結論があって、そのための正当化をやっているという印象しか持て
ない。

7。　「原子力ファミリー」体質から抜けられない。

内部の意見の対立、特に核燃料サイクルについての評価の違いなどが、大いにあるはずな
のに議論としてまったく外に出ないのは異常。これはまた責任の所在をあいまいにし、国
民から見ると最も不透明感を抱く材料でもある。

S－1－！
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So Many Reasons for Nuciear Facilities Being Deemed Unacceptable

    Citizens' Nuclear Information Center J. Tal<agi

EheESssas

l. Lack of basic acknowledgement of potential risk.

A nuclear facility could potentially be a huge hazafd, but nuclear industry people

would not like to acknowledge this basic fact.

2. The nuclear industry aiways tries to evade confronting this intrinsic difficulty by

spending huge some of money on subsidiaries and other nonesseRtial things..

3. Unwillingness to publicize information. The basic position of the government and

nuclear industry on information disclosure is that they disclose information only to

facilitate public acceptance and they do not basically acl<nowledge the citizens' rights

to know or freedom ofiRformation rights.

4. The nuclear industry tends to avoid arguments, and they even do not lmow often

how to argue before the public.

5. The governmeRt and nuclear industry do not respect local residents' opinions.

Even if they･got a "No" answer from the residents in a referendum, they say, "national

policy is superior, and the residents' understaftding is insufficient". The truth is that

the govemment and the utilities lack a fu11 understanding what the residents think.

6. Nl-out pro-nuclea,r policy

I can hardly understand why Japanese nuclear utilities so ebstinately concentrate on

advocating for nuclear energy.

7. The government and nuclear industry form the so-called nuclear family and want to

decide everything inside this circie. It seems to me quite aAomalous that we can

never hear diverse 6pinions from inside the nuclear industry at least officially on

subjects like the nuclear cycle policy option or reactor type strategy on which there

should be varying or even splitting opinions. [his also rnakes very ambiguous where

the respoRsibility lies in nuclear decision making and its implementation.
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．ネ蕗討論

原産企画情報部様
講演本文を送ります。よろしく。
原子力施設が嫌われるこれだけの理由

原子力資料情報室　高木仁三郎

発表は4月／o日驚構以降に瓢・ます．
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1。危険性の認識の欠落。
　原子力施設は巨大な放射能放出の可能性を常に秘めた潜在的に危険な施設であり、
放射性廃棄物の発生と合わせて、それ自体の本質において地域にメリットのない”迷
惑施設”である。原子力事業者はしばしばこの当たり前の事実を認めようとせずに「
安全」だけを強調し、最大の問題は自らも「まったくの安全施設」と思ってしまって
いるらしい点である。さらに言えば、この点でとうに住民、いや広く国民一般の信頼
を失っているのに、その事実も認識できていない。相次ぐ動燃の失態はこのことを如
実に示している。

2。金でその困難を圏験しようとする。
　それらの困難を、政府や事業者は各種の交付金や寄付金、諸便益で回避しようとす
る。しかし、それらは所詮「迷惑料」であり、原子力施設の地域へのメリットと称す
るものは、付随的なものにすぎない。大消費地で使う電力以外のもの、つまり地域へ
の創造的寄与は、原子力施設にはないし、　「原子力文化」などというものも存在しな
い。　「金で解決する」やり方は、むしろ地域をゆがめており、・金を投入すればするほ
ど人心は離れるが、このことも気づいていない。

3。情報を公開しない。
　政府や電力会社の情報公開の度合いは、現在でもきわめて不十分である。その事例
は、数多く具体的に指摘できるが、基本的な問題は、未だに「広報」という枠組みで
しか情報公開の閾題を考えていないことだ。提供される情報は、生の事実ではなく、
広報的に味付けされた説明、多くは哩解と協力」を求めるための政府や事業者の立
場の擁護にすぎない。人々が求めているのは、結果についての説明ではなく、プロセ
スに参加するための情報だ。住民・市民は本来政策決定の主体であるはずで、そのた
めに必要なすべての情報を選別なく知る権利を持っているし、自らの生命を守るため
にも、情報の完全な公開を求めている。しかし、この基本的な権利が尊重されておら
ず、　　「商業機密」の保護が優位に置かれいる。この点を大多数の住民・市民は見抜い
ており、　「原子力施設を嫌う」大きな理由を形成していると思う。
　さらに言えば、記者会見などで報告される内容には、市民には理解しがたい技術用
語や数字がそのまま使われるケースが多い。

4。議論を避ける、議論ができない。
　政府や原子力事業者側から一方的な情報提供はあっても、ほとんど常に議論を避け
ようとする。長い間、一般の人々と真剣な議論をして相手の納得を得るというプロセ
スを怠ってきたため、議論の仕方を知らないのではないかという印象を受ける（円車
会議でもこの感が強かった）。これは議論の技術の問題でなく、議論するということ
に対する誠意の問題である。
　プルサーマル問題について言うと、昨年1月前三県知事の提案には「プルサーマル
計画やバックエンド政策の将来的な全体像をこれらから派生する諸問題も含めて具体
的に明確」に提示することが、国に対して求められていた。円卓会議での了解もそう
であったと思う。これには当然、メリッと、デメリット論を詳細に検討する作業がふ
くまれていたはずだ。政府はこれに答える責任があったのに、総合エネ調原子力部会
中間報告をはじめとするこの間の一連の動きは、明に「国策」の押しつけで、　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　「派生
する諸問題」の検討などまったくない。結論ないし既成事実があって、それを押しつ
けるために行う「合意形成」のプロセスは議論ではない。

5。住民の意思を尊重しない。
　住民投票で「ノー」の答えが出ても、　「住民の無知・理解不足」とか「国策」だと
言い張るようでは、住民（さらには国民）軽視ないし無視であり、最終的には誰から
も見捨てられるだろう。むしろ政府や電力会社の側こそが、住民の気持ちや知識につ
いて著しく無知であり、理解不足である。これは、上の4。の問題とも密接に関係し
ている。

6。唯原発主義。
　政府や電力会社はエネルギー問題への取り組みをなぜもっと多様にフレキシブル
にできないのか。最初に「原発」という結論があって、そのための正当化をやってい
るという印象しか持てない。原発によってすべてエネルギー問題が片づくはずもなく
、また、原子力長期計画などまったく非現実的で破綻を来しているのに、いつまで看
板が掲げられたままになっている。しかも、これが企業の事業活動という枠組みを超
えて、　「国策」という位置づけをもって強要される。このやり方はうさん臭いし、こ
れでは、国民は信頼しない。その硬直さの度合いは、世界の他の国と比べても異常で
ある。

　　　　　　　　　　　　　　　　　　　　　S－1－3
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7。　「原子カファミリー」体質から抜けられない。
　内部の意見の対立、・特に核燃料サイクルについての評価の違いなどが、大いにある
はずなのに議論としてまったく外に出ないのは異常である。　「国策」ないし企業への
忠誠ということで、「本音」が封じられているのか。長い間の「原子力村」の閉鎖性
の中で、それが当たり前になっているのか。いずれにせよ、これはまた事故や計画破
綻などの責任の所在をあいまいにし、国民から見ると最も不透明感を抱く材料でもあ
る。また、反対論や異なる意見に真摯に耳を傾けようとしない。最近は、各種の懇談
会がごく一部の「反対派」に門戸を開いたが、その人選、構成など結局は宮僚まかせ
、不透明限りがない。
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原子力施設が嫌われるこれだけの理由

原子力資料情報室　高木仁三郎

1。危険性の認識の欠落。

　原子力施設は巨大な放射能放出の可能性を常に秘めた潜在的に危険な施設であり、

放射性廃棄物の発生と合わせて、それ自体の本質において地域にメリットのない”迷

惑施設”である。原子力事業者はしばしばこの当たり前の事実を認めようとせずに

「安全」だけを強調し、最大の問題は自らも「まったくの安全施設」と思ってしまっ

ているらしい点である。さらに言えば、この点でとうに住民、いや広く国民一般の信

頼を失っているのに、その事実も認識できていない。相次ぐ動燃の失態はこのことを

如実に示している。

2。金でその困難を回避しようとする。

　それらの困難を、政府や事業者は各種の交付金や寄付金、諸便益で回避しようとす

る。しかし、それらは所詮「迷惑料」であり、原子力施設の地域へのメリットと称す

るものは、付随的なものにすぎない。大消費地で使う電力以外のもの、つまり地域へ

の創造的寄与は、原子力施設にはないし、「原子力文化」などというものも存在しな

い。「金で解決する」やり方は、むしろ地域をゆがめており、金を投入すればするほ

ど人心は離れるが、このことも気づいていない。

3。情報を公開しない。

　政府や電力会社の情報公開の度合いは、現在でもきわめて不十分である。その事例

は、数多く具体的に指摘できるが、基本的な問題は、未だに「広報」という枠組みで

しか情報公開の問題を考えていないことだ。提供される情報は、生の事実ではなく、

広報的に味付けされた説明、多くは「理解と協力」を求めるための政府や事業者の立

場の擁護にすぎない。人々が求めているのは、結果についての説明ではなく、プロセ

スに参加するための情報だ。住民・市民は本来政策決定の主体であるはずで、そのた

あに必要なすべての情報を選別なく知る権利を持っているし、自らの生命を守るため

にも、情報の完全な公開を求あている。しかし、この基本的な権利が尊重されておら

ず、　「商業機密」の保護が優位に置かれいる。この点を大多数の住民・市民は見抜い

ており、「原子力施設を嫌う」大きな理由を形成していると思う。

　さらに言えば、記者会見などで報告される内容には、市民には理解しがたい技術用

語や数字がそのまま使われるケースが多い。

4。議論を避ける、議論ができない。

　政府や原子力事業者側から一方的な情報提供はあっても、ほとんど常に議論を避け

ようとする。長い間、一般の人々と真剣な議論をして相手の納得を得るというプロセ

スを怠ってきたため、議論の仕方を知らないのではないかという印象を受ける（円卓

S－1－5



会議でもこの感が強かった）。これは議論の技術の問題でなく、議論するということ

に対する誠意の問題である。

　プルサーマル問題について言うと、昨年1月の三県知事の提案には「プルサーマル

計画やバックエンド政策の将来的な全体像をこれらから派生する諸問題も含めて具体

的に明確」に提示することが、国に対して求められていた。円卓会議での了解もそう

であったと思う。これには当然、メリッと、デメリット論を詳細に検討する作業がふ

くまれていたはずだ。政府はこれに答える責任があったのに、総合エネ調原子力部会

申間報告をはじめとするこの間の一連の動きは、明に「国策」の押しつけで、「派生

する諸問題」の検討などまったくない。結論ないし既成事実があって、それを押しつ

けるたあに行う「合意形成」のプロセスは議論ではない。

5。住民の意思を尊重しない。

　住民投票で「ノー」の答えが出ても、「住民の無知・理解不足」とか「国策」だと

言い張るようでは、住民（さらには国民）軽視ないし無視であり、最終的には誰から

も見捨てられるだろう。むしろ政府や電力会社の側こそが、住民の気持ちや知識につ

いて著しく無知であり、理解不足である。これは、上の4。の問題とも密接に関係し

ている。

6。唯原発主義。

　政府や電力会社はエネルギー問題への取り組みをなぜもっと多様にフレキシブル

にできないのか。最初に「原発」という結論があって、そのための正当化をやってい

るという印象しか持てない。原発によってすべてエネルギー問題が片づくはずもなく、

また、原子力長期計画などまったく非現実的で破綻を来しているのに、いつまで看板

が掲げられたままになっている。しかも、これが企業の事業活動という枠組みを超え

て、「国策」という位置づけをもって強要される。このやり方はうさん臭いし、これ

では、国民は信頼しない。その硬直さの度合いは、世界の他の国と比べても異常であ
る。

7。「原子力ファミリー」体質から抜けられない。

　内部の意見の対立、特に核燃料サイクルについての評価の違いなどが、大いにある

はずなのに議論としてまったく外に出ないのは異常である。「国策」ないし企業への

忠誠ということで、「本音」が封じられているのか。長い間の「原子力村」の閉鎖性

の中で、それが当たり前になっているのか。いずれにせよ、これはまた事故や計画破

綻などの責任の所在をあいまいにし、国民から見ると最も不透明感を抱く材料でもあ

る。また、反対論や異なる意見に真摯に耳を傾けようとしない。最近は、各種の懇談

会がごく一部の「反対派」に門戸を開いたが、その人選、構成など結局は官僚まかせ、

不透明限りがない。
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原子力発電所立地と地域振興（柏崎市の例）

1．柏崎市の概要

位　置

面　積

人　口

産　業

回覧商工会議所専務理事

　　内　藤　　　信　寛

　新潟県のほほ中央、日本海に面し、一方を海、三方を山に囲まれ独立し

た舞総論鰍薩鴇滋藤で約3時間、JR信越轍上
越新幹線で2時間10分の距離にある。

　319。25k爺
（海岸線36km）

88，771人
く“　8．4．30住登人日）

工業製品出荷額
　約3，000億円

商業販売額
　約2，◎00億円

2　柏崎とエネルギーとの係わり

　　①日本の石油産業発祥の地

　　②　構造性天然ガスの産地

　　③世界一の原子力発電所

＆　柏崎刈羽原子力発電所の概要

　　國全体計画

　　　　設置位置

　　　　建設用地面積

　　　　最終開発規模　　821

　　躍計画概要

圏

築上越麗

張　1
総．

難

北陸自動

ほくほ

　　く線

鶴
刈
潔
子
幾

全多穿
新潟

．
雛

購
幾灘
簾

隊
禦
雛
團

　　　　　　　　　湯沢

悲陸離灘欝叢繋繋
蒙
蜜

　　　灘

懇繋1

縛
繋
轟
鰹
畿
霧
喫鍵

柏崎市及び刈羽村

約420万㎡（柏崎市約310万鞘2

　　　．2万Kw

刈羽村約1ユ0万㎡）

　　　弩機?　目 1号機 2暑鍛 5号機 3号機 轟考機 6膏機 7号機

蠕　　　型　　　式
錯書水型

ﾄ水炉
〃 ” ” 〃 ” 〃

鑓　　躍　　出　　力 110万謝 〃 〃 〃 〃 曝35．砺網 〃

鯉駿工翻費綴舞 細、融 豹3、〔鞭 釣3，5舳 鶴働翻 総論翻 約4，鍛冶円 約3、烈撫円

電灘闘発闘騒霧躍会
ｳ　圏　年　月　日

轟97．4 5ε3．26 56．3．26 60。3．27 叡｝．3．27 63．3．18 63．3．18

麟子婿殿翻醐可顛瞬
D　　　月　　　臼

駅〕．3．20 56．5．罰 56．5．罰 60。4．君 60．4．鷲 63．5．23 63．5．23

瞭脚駿騒翻可年月日 52．9．1 58．5．6 58．5．6 62．4．9 62．4．9 3。5．15 3．5．15

鶴ユ＝無月日 53．12コ 58．灘0．26 58．10．26 62．7．1 63．2．5 3．9．17 轟．2．3
工
翻 竃籔騒転闘絶
早@　月　　8

預〕9．達8 2．9．2B 2．4．毒0 5．8．肩 6．8．11 8。1Lフ 9．7箏定
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4　原子力発電所立地経過の概要

1968（S43）年

1969（S44）年

1970（S45）年

1972（S47）年

玉974（S49）年

ユ976（S5D年

1977（S52）年

1978（S53）年

ig79（S54）年

1980（S55）年

198ユ（S56）年

1983（S58）年

1984（S59）年

玉985（S60）年

ユ986（S6玉）年

1994（H6）年

ユ997（H9）年

○　通産省の委託により、新潟県が柏崎市荒浜地区に原
　子力発電所立地調査を実施

○　柏崎市議会に原子力発電所誘致研究委員会発足’

○　柏崎市議会、原子力発電所誘致決議を可決

○　柏崎市商工会議所議員総会で誘致議決

○　柏崎刈羽原発誘致対策協議会設立

○　東京電力㈱が柏崎刈羽地区に進出発表
　　（原子力準備事務所設置）

　　用地の斡旋妥結、買収開始

　　柏崎商工会議所原発誘致対策特別委員会設置

　　原子力発電所建設と地域開発を推進する会発足

　　漁業補償妥結

　　電源三法公布

　　第65回電源開発調整審議会

　　1号機（Ho万Kw）決定

○　原発建設推進団体連絡協議会発足

0　1号機BWRUO万Kw設置許可

0　1号機着工

○　米国スリーマイルアイランド原子力発電所事故発生

○　通産省2・5号炉設置第一次公開ピア開催

○　柏崎商工会議所電源立地PA事業導入

○　日：本原電敦賀発電所放射能漏洩事故判明

○　通産省、原子力発電施設等周辺地域交付金制度発足

○　安全協定締結（県ギ市・村・東電）

○　県、関係市町村、原子力防災訓練（第1回）

0　1号機営業運転開始

○　ソ連チェルノブイル原発事故発生

0　4号機BWRHO万Kw営業運転事始
　　総体出力550万Kw（日本最大）

0　7月、7号機ABWRユ35。6万Kw営業運転開
　　始（予定）により、総体出力821。2万Kwで世
　　界最大の原子力発基地
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5．原子力発電所誘致の理由

　　　（1）広大な荒浜砂丘の開発（有効活用）

　　　②　原発建設をバネに地域の活性化をはかる（陸の孤島からの脱却）

　　　③　国のエネルギー政策への貢献

6．電源立地の効果

　　　（1）人口の増加

　　　②　雇用の増加

　　　（3）市民所得（生活）の向上

　　　㈹　産業への波及効果

　　　　①建設工事への地元企業の参加

　　　　　②　メンテナンス等、新規事業機会の創出

　　　　　◎　　ま支律孫多転

　　　　　④消費・購買活動

　　　（5）電源財源による財政力の向上とインフラ整備

　　　　　①電源立地促進対策交付金くユ～7号機分、約242億円）

　　　　　②　固定資産（償却資産）税（S61～H17年　約ユ，484億円）

　　　　　◎　発電地域長期発展交付金（平成9年度　4億4，000万円）

　　　⑥　電気料金の割引

　　　　　（一般家庭18，912円／口・年、企業9，4，56円／Kw・年）

〈全国680都市住み良さランキング第7位……東洋経済新報社）

7　エネルギー都市を目指して

　　　柏崎刈羽原子力発電所は、平成9年7月に最終号機である7号機が、営業運転を開

　　回することにより、昭和44年の市議会誘致決議以来30年の年月を費やした巨大ブ

　　ロジエクトの建設計画が完了する。

　　　柏崎市は、世界一のエネルギー基地として国のエネルギー確保の上で大きな役割を

　　担うことになる。今後は一層、環境保全、安全確保、地域振興を進め、エネルギー都

　　市のモデル立地に向けて新たなスタートを期したい。
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ω
②
③
㈹
⑤
⑥
㎝

市民ひとりひとりが日本のエネルギーを支えていることを誇りに思うまち。

発電所と地域との共生をはかりつつも、常に相互の緊張関係を保持する。

原子力、エネルギーに関する情報発信を行い、消費地との交流を促進する。

世界一の原子力発電所にふさわしい防災対策。

地球規模での環境を考える研究機関の設置（誘致）。

地域の大学との連携による原子力安全システム研究機関の設置（誘致）。

更なる地域振興の促進と財源の確保。

・　電気料金の思い切った割引制度

・　発電所施設・整備の耐用年数の延長

・　電力移出市町村交付金の新設
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原子力：施設立地　：　問題点および展望

　　　　　　　　　　　　　　　　　　　　　　　　　　　　1997年4月10日
　　　　　　　　　　　　　　　　　　　　　　　　　　　　舛添　要一

　原子力発電を巡る議論の前提として、世界のエネルギー事情について理解しておく必要

がある。まず供給面で、石炭、石油、天然ガスなどのエネルギー資源の埋蔵量がどれくら

いかを知っておかね曜ならない。これまでの2次にわたる石油ショックは、供給面から引

き起こされたものである。次に、需要面であるが、急速な経済発展に伴って、アジアのエ

ネルギー需要が急増している。第3次石油危機は、この需要の急増によって引き金を引か

れるのではあるまいか。

　以上の様な基本的情報が広く国民の間に共有されないと、原子力発電の必要性について

住民を説得することが困難となる。エネルギー需給というとき、生活様式、生産様式が大

きく関わってくるので、原発にたいする態度決定は、現在の科学技術の恵沢を享受し続け

るか、前近代的生活への逆行（そこまで極端でなくとも、少なくとも今の多エネルギー消

費型の生き方の見直し〉するかの選択でもあることを明言してもよいのではあるまいか。

　原子力施設を建設しようとするとき、地元の住民の反発が予想されるが、いわゆる

Public　Acceptanceについては、以下のような点が考慮に値する。

（1）原子力発竃についての国民全体の認知度、評価度

（2）原子力施設、軍事基地などの存在する町にたいする国民全体の認知度、評価度

（3）立地する町の豊かさ、他の重要産業の有無

（4）安全対策、環境対策などの実施度含

（5＞危機管理体制の整備度合

　最近では、巻町の例に見られるように、住民投票による決定が大きな意味を持ってくる

ので、しこの問題についても考察が必要である。条例に基づく住民投票は、法的な拘束力は

持たないが、政治的には重みがあるので、むしろ住民投票を現在の日本の法体系の中に組
み入れる工夫が必要である。
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            Nuclear Facilities Siting - Problems and Perspectives

                              Yoichi Masuzoe

                             Political Scientist

As a precondition for discussion of nuclear power generation, it is necessary to

understand the world energy situation. First, we should know the estimated

amount of energy reserves, such as coal, oil, anct natural gas. The past two oil

crises resulted from concems over the limited supply ofenergy resources. Next,

with rapid economic growth in Asia, energy demand has sharply increased. A

third oil crisis could be triggered by this sharp increase in energy deraand.

 It is difficult to convince people of the necessity of nucleaT power generation,

without suph basic information being widely shared. Since energy supply and

demand is closely related to Iifestyle and production methods, it may be right to

declare that one's attitude toward nuclear generation is the choice of whether to

continue to enjoy the benefus of today's technology or to go back to pre-modern life

(or at least to reexamine today's energy-intensive lifestyle).

When a nuclear power plant is constructed, it is expected that Iocal residents will

resist it. Regarding so-called "public acceptance," it is impoTtant to consider the

following points:

(1) Theentirenation'sunderstandingandevaluationofnuclearpowergeneration

(2) Theentirenation'sunderstandingandevaluationofmunicipalitieswhere

     nuclear facilities and military bases exist

(3) Theaffluenceofthemunicipalitywhereanuclearpowerplantislocated;

     whether or not there are other important industries

(4) Towhatextentsafetyandenvironmentalmeasuresareimplemented

(5) Whetherornotacrisismanagementsystemisestablished

In recent years, public referendums have had significant effects, as in the case of

Maki-machi. Itisalsonecessarytoconsiderthisissue. Areferendumbasedona

local ordinance is not legally binding, but politically very important. We

should ,therefore, try to incorporate a referendum into the present Japanese legal

system.
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